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Special Project Title = Wireless Data Logger

Name Mr.Chotiwit Jiratrakarnkitt

MissWoranan Samakkha

Department Applied Physics
Program Applied Physics - Science and Industry Instrumentation
Academic Year 2005

Special Project Advisor Mr.Benchapol Tunhoo

ABSTRACT

This special project has developed a device using for storing and transferring data
between client and server through wireless communication by using radio frequency (RF)
modules, which operates at 418 MHz. Wireless data logger consists of 2 parts; client and server
unit. The main function of the client unit is temperature measurement and data transfer to server
unit. A designed client consists of a temperature sensor circuit board, RF modules, and
microcontroller circuit board which controls the operation of client unit. The second part of
wireless data logger is a server. It is stores data and interfaced with computer for displays data
received from temperature sensor via the radio frequency. A designed server consists of RF
modules, computer for data display, and microcontroller circuit board that controls the

communication between client and server,
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Very Low Frequency (VLF) <30 kHz >10km 1%§amsmqmm
Low Frequency (LF) 30-300kHz | 1-10km 4dsmsmanzia
Medium Frequency (MF) 0.3-3 MHz 0.1-1 km sl‘i’fﬁdﬂ?;ufjmﬁzuuAM
1%\1%5;?1514%14
High Frequency (HF) 3-30 MHz 10-100m | deasszMhadszme
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Very High Frequency (VHF) 30-300 MHz 1-10m LLﬂ%ﬂﬁ‘u Tns ‘ﬁﬁﬁ
1¥danauTnimiias
Ultra High Frequency (UHF) 0.3-3 GHz 10-100 cm TuTnsnd
19ea luInsiavuay
Super High Frequency (SHF) 3-30 GHz 1-10 cm (sng

Extremely High Frequency(EHF) | 30-300GHz | 1-10mm 57 RY PR TN
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Analog encoded signal Digital encoded signal
Digltai
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23.3.1 miveganiBunynueu/iga (Amplitude shift keying, ASK)

o

A A A A A v . -~ et o ¥ ar [ oV
n3i5undnFenilalail On-Off Keying #50 00K Famisilay I dng udoyadinea
Afiauiiu o uaz 1 unudrouendden 2 seAuiideiu uazanudvesndudyaiuwin:

. . A o d o0 w 24 1 Y 4 o -4 o
(Carrier signal) '-mwmﬁmmﬁﬂgﬂgmamaanﬂmmnmaﬁamsum:ﬂw ANHUTVOY

1

{ 4 ot J 1 L) A ’ & [
danu ASK i ldssivnavesndudyaanimegeiiuniind desvesinveadayea
ao AT = g o T - ; 1 =
Joyadaineaianiu «1” uaslivuavosndudyaunivzanaininlod ded vesdaves

e 3 2y =L w o= st dyd [ Al ¥
woyadoyadSasaiauiu «0” Joifevediinisiife szgnsumunndganuduldag

= g o LY Ao ¥ ar
Tums#nswmuuddanvesdyaniimsyegaauuy ASK i vz ldunu@endy

F= )

Tanm AM Tantalundnfemlnaduvesdyera ASK szldnnnsiadeuiwanlnady
vasdganuuanud legaastvesminaduvesdyguadummzguieatolunsd
vosdmae  AM wasilesdygaauuudiviinsdedidnvanfudyyiousuaey
mﬁmm‘fumsmmﬂﬂﬂ%"mmﬁ'rgtmmf: wassoHenanmsman)naSuvesdagimusun
ou lunsdlvesdyanauyd Twms NRZ 2 seRmiy Ay mluTawuvorawazlu Tawuves

amudezdon 188
x(t) = > a,p(tkD) (1)
k

() = isincz(nfD)+i-d(f) (2)

[]
) 7

- e o o w 7]
Tawh a,_dlu 1 uaz o dedyanudsneadiu 1 uaz 0 muddy uaz R=1D Hudasing
|

Q)

Wasuuasvesdynin Aiudyaio ook TuTamuasswiawazluTamuyssnnuie

13

JoulAdail
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Amplitude
A
Bitrate: 5 Baud rate: 5
1 bit i bit | bit 1 bit 1 bit

& 3 ) 0 i | 0 i

Time
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Aot uisilsendan1die fvwadedinailafiSondi snrsiafiwdng” (Multiplex)
1 1 4
! o 1

o o o . 4 v o [
wag “m3ploAmane” (Demultiplex) ansnuanz Ay ineanoinduiiadeyguiimuads

ot = o o or =]

) 1 - 3 o = < o T
Umenie mlsnwlunmsiadmang uazddaamanddayanalumsdsdyarauvveuiden

&g

¥ v
wuman 1A I lumsdadygranuuataeauin

d
o P 3 o o EE] ¥ H 1
3. anud lunsdedyaadeyauvudtaeamuisat ldiFnd uazdeldunndwuy

o
auInan

2.5 1499 Successive-Approximation ADC
. . . lq 3o ' P
W7 Successive-Approximation ADC rﬂu 1995 ADC N 1FAuunInae199Hils
3 LY ] § 4
ilesnindsdeygra 185 N Nuwdun enduiuy Flash ADC 2395 Successive-Approximation

ADC 1l3gnauaan ADC, Successive-Approximation register (SAR) naz993lTomnen

Mot Tontral

cHE
ol

Power-Fathy
f Monitoresg

UFE

P .D CLK
CS/SHDN YN

g‘ﬂﬁ 8 WARINVT Successive-Approximation ADC

- Baastrfissluimantation



259z Tasd 1dinmeluves sAR luaoin 1 faziin TasFuandniil
Weddygeganeu uazAwesinaien lu SAR szgndeliie Dac ieudauiludaynin
A = o ¥ = ar ] =l Je ] o
suaen Ynaafsiuaazingaimualmduacin 1 AulSsunsuzfSouRsuoviynuey
1 v 1 o e o T |
DAC Tnnandiwiedesndyyineuiasnidunm due1viynuss DAC fminnd
a - Ls ar =) =1 = = 3
dyguowinenfisunm wmynvosdulSouousniiiuasin o illumaldiniug lu sar
= o T g o UL 1w o s w
pnsuinily 0 uadueiynaes pac fidndesnhidyaueninonfidum o1MyNveIia

¥ }
nSuuieuszidiuanin 1 Wumaldimiugasgorusily 113 andfuazdnmsnisnageuin

A w o w =4 =y o ¥ a b = 9 o o =]
nliedfysendldiiazin lassmualdimiuiuaein 1 dueminnvesdurlSeniion

&

o =)

= 3 4 'y o a =1 o ﬂ =
L‘i‘]uﬁ@‘ﬂﬂ 1 neeaddaaTue 1 ﬁum'uwuuqiu SAR ‘h !!.9191lEJ'Iﬂﬂ‘VI"IlENG'I']I.‘]JﬁUUL‘VIU‘U!. uanIN

=] = o o n’: o o ¥ =y [ ) o
0 fzTiam A dmiug lu saR Wuaedn 0 Auvuilsuasunniin ndannasoyadinuda svia

Avnaall SAR 1sUNUTYY IR0 IABNTADUNN

2.6 ninmM3IUYeA Silicon IC Temperature Sensor
Silicon IC Temperature Sensor UANANVINLYD3F N 1T Ingringlriiaduqasei
- o , v o aqw A
moluildnymziiuuniia35 I (ntegrated Circuit) AaTud i lfannsanssgasesnldly
msdszuranndygravuialugas lymsluduasuwed1a nisfanigungiisg e

@ o o w = 1 - o a Fa= ar
anuduRutveassau WA ManaTonsaLaz B Uame s uBInI UG aian; Feudasldad

AUNTS
v, = kT, ln[I—F] J>>, (5)
q \L
Tauft = Boltzmann’s Constant (1.3807 x 10™ J/K)
q = Electric Charge (1.602 x 10 coulombs)
T, = gamgilvesrnmuindoy
I, = Forward Current

I = Saturation Current
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uae aVg 38 Voltage Proportional to Absolute Temperature (VPT AT) TR TRE:

aVp = V-V,
Ty
AV = KT, +In Ls
q Nel,
I
AV = LN +In(N)
q
aVi = Vppar (6)
Taoh Vi = Forward Voltage
I = Forward Current

Virar = Voltage Proportional to Absolute Temperature

2.6.1 M1 14 Yeq LM35 Precision Centigrade Temperature Sensor
LM35 fluumesSagungleiia Analog Temperature Sensor fil#teinnosnin

4 ar o o . . 1 w w o oo
Wuaus e T Fraumsemily two terminal zener diode nazfiamsanu I duRusi

]
-~ =

= 1 = lﬂl J éi L] L l:’& ;
aquﬂuﬂmﬂmmwmmw Tﬂﬂ‘nqmwﬂmzmmu 1°C mamamﬂu'lﬂﬁwmmu 10.0 mV

q u

4

a

dnuazaesmshaumeluveamusei lagamngi LM3s udasdagy

L3 a

= v /0
L 18y VG‘H‘? THmy /0

{‘v‘pli‘-‘ﬂ? ;'
—

~ 0.42582
CURVATURL
COMPENSATOR

4+

8.8 misee

i o 5% =
JU% 9 naaaresmshanuneluve e inaungil LM35
. ¥
mslaes Sagaungil LM3s dmiudamgamgiinaud +20C 89 +15°C T3tuu

mine I9audag
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+¥g
14¥ TO 20V)

1 outeuT
0 mV +10.0 v/ G

=

3119 10 uaaams I mue s Tagungll LM3s Samgamglidaun +2°C fls +150°C

dmsumsiamgangidniiaiding o°C izdesredduniuAiniiu Vout ves
LM35 Tasavasdamumudin ldonaums

- )
' 50pA

figtuyunmsae ldaudsgl

+Vs

LM35 Vour

J_ A1

w...vs
Da26551
Choose Ry = —vg/55 yA
Y opir=+1,508 my at +150°C
= 250 nv! ot +25°C
= -850 mv/ &t 55°C

= o o = o 1 s 1
U4 11 namens Mimureifagangil LM35 Samgamgiidint 0°C
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uni 3

asl o =37
IHANIHUNT IV

o A o & 3
3.1 myhanuveanieiufindeyauuylime
A o 4 9 ¥ ¥ -3 24
wsestiuiindoyauun13ae sznaudsganisiiam 2 4a fe
- gaf i lunsasnauazdedoya (Client) sznoudoe
n s & 5 ot 21 k4 1 9 o
yadravstruiyes daldnsavinguugindadedoyaldis
TuTnsnouInsamnd
oar L r A a
" yaginsaisu-dadoyarumanauing
- 11 «I 74 gy o '3
422997 lw Insneu Insames ldnuqumshnuveasusesuazns

1Y [

Su-dadayarumanauing

517 12 nemsgaavesitslumsasie Tauazdedioya (Client)

U
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=q 3 o A g 4 o = s
- yad [ lumstiufindeyaunzifounafiuneniiumes (Server) tlsznaudae

o o 1§ ' A
" gagilnislsy-dedoyakiunisnaning

a

= o o t-ly 1 nqlrl qs & A' =
AN IADT e lsuanImguu)Nn ldsuanae SHIuMIndiuINg
¢ A q o A Y W
" gane lulnsneuInsames FldaquastufindeyauaznisSu-de
3/ 1 A A a S
Joyarkmnentiuing Taelu'lulnsaouInsames ATSICSIED2 ozl

ﬁﬁ'mﬂ'nm"ﬁm@ EEPROM (Electrical Erasable Programmable Read-

A A :;‘ ] a
Only Memory) A714Y 2 KBytes %3ii10AtA5AAILA 0000H §19 07FFH 111

YA e A adn Yo 4
winfAtiunnagungin lAsunInmumes

511 13 uarnsyasesilf lumstiuindoyauaziyounaiunauiiaumes (Server)

yanl5lunisasisdauazdeadoya (Client) szdhimsuilnadygrudoyanasiaiald

o 4 al Fd a oy 3 9/

vimwgessuiludyaiuouitnenldnoreJudygyriudiaea s1aiduls
o at o [ ; =3

InlnsnouInsamed ATEICSIED2 mruguasiu-dedganadoyalildunsesnouiinand

Kiuneeduing
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]
=

s 4 v = s | o a o o
yafi 19 lumstiufindoyauaziFoudofunoun unes (Server) sxdaindsl1ldayaiile
[} 1 ¥ ]
TunsasanTauazdedoya (Client) iNoda IAdspganglinld sinduhinsuansdoyah
185 vmumandensuiimesiaziufindoyaiildfuas lfamiseanusaya EEPROM

A 1 o
waognelululasnouTnsames ATSOCSIED2

l (MCP3202)

Microcontroller
(Client)
AT8SC51ED2

RLP-418 TLP-418

Receiver (Client) Transmitter (Client)

gpnidluntsnsainuazdedays (Client)

TLP418

Transmitter (Server)

RLP-418

- Receiver (Server)

Microcontroller

(Server)

- EEPROM
ATBOCS1ED? |[¢——f =

2 KBQtes._j

Computer Display
ganldlunstufintayanazidensanuaanfiaines(Server)

= o &4 o A W by
q'i"lJ‘l"I 14 llﬁﬂﬂﬂﬁ‘l’l'lﬁ'lu‘l]ﬂﬁlﬂiﬂ\i‘uu‘I’]ﬂ‘llflyﬁll'ﬂﬂuliﬁ'lﬂ



H . ; i o
3.2 Wumeumsthanvveshhunmiliaupuaesiufindeyouuylime

.l" H H A [Y)
3.2.1 Yuneunshavvedhlunsuiil¥aruguyaresilylumaiuiindoyauoziveudediy

ABIN UMDY (Server)

( POWER ON ]

4
.
4

X

Server AaA15 0AH 113 Client MielW Client fadeyaaniy

-k T
nyrereudildeyadi
N - L]
#1910 Client H30 13

dl

ne Reset
NIIATM

-
Ll
A

L YES

Fudieynnin Client iluadlysiauls Data_Temp [3]

anyahivld = opH
P )

Baflud1ia Stop Yoa
¥ A v A )
doyanitanminli

YES
h 4

uermamdeyaiuiudauls Data_Temp [3] senmamizoe

h 4

rirndoyafiiuiuedauls Data_Temp (3] 241w EEPROM

NO

voyanivla - oEH

Failufiia Stop ves
doyadiuau 26 M

Ay




322 '?:'unuumsﬁmu'uoa'hhumu'ﬁ'l'}’nmqumﬁa’ﬂumsmni’mmth%'aqn (Client)

POWER ON

nI0TouI3lAN 0AH
101N Server N30Ty

)

Sensor Wim g waqungi

'

inloadgnuteyoein Analeg iilu Digital

'

deiafs 0AH Jullufrda Start woadoyohlifs Server

¢

radoyadausnlyds Server

h 4

defnda ocH Fudumdachmiusudoyatlis Server

h 4

ﬁai’nqnﬁ'ﬁmﬂﬂi’a Server

v

dais 0BH ini’.luﬁ1:’;'ad'mi’uumqwnﬂiuu‘lﬂz‘|’q Server

!

tafeyosianmuluia Server

b 4

daraia opE Fadlusnda Stop maqi’ouuﬂdqﬁﬂ\li'q Server

NO

ﬁi‘ﬁ'ﬂﬂn‘ﬂt‘l’i Server
Ay 20 mudndeld

dharinfa 0EH darilufifa Stop veadoyaiau 20 Al Server
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.TﬁhﬁBTNﬂﬂaT&Wi”ﬂﬂuﬁﬁnﬂ1ﬂﬂﬁwﬂﬂ

1NN 4

WanlInaastazenilsena

1
o ey ar

1.1 minaaeufSruuugamgiinialdlaelasneame i Tufineifugemginialdlanly
1 WY0d
P 1] 3 t o s o* = o 3 ] 1
moui 1 naneslianuieuunmusesiunsdneames lulitnes 1INTUEIUA1IN
) T 9/ W Iy [ A d 3t o or
lyuaidiiau 40 a1 udwlasdggyadeyanndygramiivewasn linmetudygy o
avana WomnsnlSeudvugungiiiialalae19adneames Tuliineffugungiiia 1A lae

L

I Hued IaNagIa1s19n 2

an319h 2 maSoufouganginiala lasldadasamed lufiwesfugungiifald el

CINCH
Py gunifiiald Taeld gangifin 18 Taeld
afeh » . ) )
AvmDamas lNilmas (°C) DS (°C)
1 45.4 45.6
2 43.0 43.9
3 412 41.8
4 40.2 40.9
5 40.2 39.8
6 40.0 39.7
7 39.5 39.6
8 39.3 39.2
9 39.2 _ 39.2
10 39.0 - 39.1
1 38.7 39.0
12 38.5 38.8
13 38.3 38.8
14 38.3 38.5
15 38.2 38.4

62318
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a1519# 2 maSoufeugangifialdTagdasneames Tufimesfugamgininld lagld

a

I3 (A0)
s aaniiia g Taeld gamgiififaldTaold
nyefi - .
AvroaMDs lWNIRas (°C) puLes (°C)
16 37.8 38.4
17 37.7 38.2
18 37.5 38.1
19 37.0 37.6
20 36.6 36.5
21 36.1 36.4
22 353 36.0
23 353 35.7
24 352 35.1
25 35.0 34.6
26 34.5 338
27 34.5 33.2
28 332 33.1
29 33.0 329
30 32.9 32.8
31 32.7 327
32 325 32,6
33 324 32.5
34 32.3 32.5
35 32.3 32.4
36 32.3 32.2
37 32.2 322
38 32.2 32.1
39 317 32.0
40 31,7 31.9
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H 1
ey g - g

wihgaungiifiia 14 lae1383noames Tufimeifugungiinia 14 TaelSiaumofas
}

o

[

ot Qu ¥ ~ey = =] 1 ]
mandudnios ilosnnaseoames Tufimesinnu lumssius winninsuso s o
A aw 1 Y < o q Y o A yvad oy
dalsmsgiumdieaieal et ldfaanunaiandouldidndon
- v s d o & ' ada Wy 3/ ¢
aoun 2 vadoumIAuesiFuAR NUnA Touvesmgaunginiala Tao 1 aueyes
1 L] o H -} 1 A L] -7 =
Taomsguausann ¥ AN Vout vo3 LM35 $1u2u 15 a1 dasus ey dhes el 10
mV soguugil 1 essruzaided udulismisusudigauugiiialdlasldasnen
I o ¢ ) ¢ d o & 1 mda Y 5 o
o3 luillines Tasmuledidudnnunaaiandeuvesmguugiiniald Tnoldiauvesiuam
189 neaums

dq o A 1 & 1A
alesifudanuamanton = | M- Misa'ld| x 100% . (8)

1959

al 1 ’d o - 1 Adow 4 3 4
AN 3 ﬂ'li‘nﬂﬂ'E]'lJ‘H'lﬂ'l&‘ljﬂil"‘liuﬂﬂ'?l"luﬂﬁ'lﬂlﬂﬁE]H‘llﬂﬂﬂ'lqmﬁgllﬂ’)ﬂ]lﬂIﬂﬂﬁl‘mﬂf‘l«ll"h’ﬂi

Arquugiififa | duseduInid | droamgdfite | dralefidudaiy
2 4 | dlaeldafana a1 vout wes |14 Tae 14 anrnmdonvesn
GERT - , s
mes lullwes | LM35 (V) (UL O3 gunifiinldlag
(A1959) (°C) @A% co) | e
1 343 0.346 34.6 0.87 %
2 33.7 0.343 34.3 1.78 %
3 33.2 0.337 33.7 1.51%
4 33.1 -0.333 333 0.60 %
5 32.8 0.331 33.1 0.91%
6 32,6 0.327 327 0.31%
7 32.5 0.325 32.5 0%
8 324 0322 322 0.62 %
9 32.3 0.321 32.1 0.62 %
10 322 0.320 32.0 0.62 %
11 32.1 0.319 319 0.62 %
12 320 0.315 31.5 1.56 %
13 319 0.314 314 1.57 %
14 31.8 0.313 313 1.57%
15 31.7 0312 31.2 1.58 %
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w o a V- I = d
4.2 mInsnasuANugndoweteyeiiynfltlumstiuindeyauaziveunafuneniunes
(Server) Sulannganl¥lumsasreiauazadedoya (Client)

g} o T | g 9 [ 1§ . a
naadIimwesdeyluduvesganldlunsassnianazdedoyn (Client) ¥1n13

- = 0 ] 1 ot | st A 7 L
asrviagmugisiuau 30 a1 udaddoyalufigan1Flumstuiindoyouazifouseduy

1
= ot 3/

] o 3 a ¥ ¥ =
ABNAUADS (Server) D NTUIMITATIVABLANUGATBIvBIToyaRTL IR TaugaTi 1 uns
=5

Qs 8 = LY

4 1w -~ o =1 P 1 o
Uuﬂﬂ%ﬂi&ﬁllﬁgl“ﬁﬂﬂﬂﬂﬂﬂﬂElllW'JLﬂﬂ'i (Server) Lkﬁﬁﬂﬁ'ﬂuﬂﬂﬂﬂlﬂﬂUu‘l’lﬂll%ﬂﬁU'JUﬂ'J']iﬁﬂ

U Y

19ya EEPROM aHadsa1319% 3

o

] ]
= =1

A1313%1 4 MInsIemeuAUgndosvastoyafgaldlunisiuiindeyauazounaiy

9
=

ADNNIADT (Server) $U'1A unzdoyafignufutuiinI3fimisenaiudrdoya EEPROM

19

uewiieuiudeyaiigndevennnyanFlumsasieiaunzddoya (Client)

Joyafigndsesnanya | deyafiyadilflumstudin | deyafignituiiudin

adait | Al lumsasedauaz JoyaunziFouderty Piriasanui

dedoya (Client) AoNRUADS (Server) SR | doyn EEPROM
1 61.3 61.3 61.3
2 58.8 58.8 58.8
3 57.1 57.1 57.1
4 554 554 55.4
5 53.3 533 53.3
6 49.1 49.1 49.1
7 47.5 47.5 47.5
8 46,2 46.2 46.2
9 45.4 45.4 45.4
10 44.4 44.4 44.4
1 434 43.4 434
12 42.5 42.5 42.5
13 419 419 419
14 41.2 41.2 41.2
15 : 40.6 40.6 40.6
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< ¥ ¥ d  degy w A4 ¥ A Y
a1519% 4 Mminsnaeuanugndesvedoyanyaii ldlumsiiuindeyauaziFoudefiy
= o o 4 Y i 1 ]
ABNNIADT (Server) U 14 uazdoyangnidufuiinlinnuisniuddeyn EEPROM

nSeuReuiudeyaignadeenningaiilflunsasniauazaidaya (Client) (Ao)

foyafigndsesnanyad | Jeyafiqadildlumsiudn | deyafignitutiudin

afafl | Wlunmasaiauazds foynunzifeuderiu Piimiasanud

Ho3ya (Client) AR IRDS (Server) SU'ld | doya EEPROM
16 39.8 39.8 39.8
17 391 9.1 3o.1
18 386 38.6 386
19 38.2 38.2 38.2
20 377 58.7 58.7
21 374 37.4 37.4
22 37.1 37.1 37.1
23 37.0 37.0 37.0
24 36.7 36.7 36.7
25 36.5 36.5 36.5
26 358 35.8 35.8
27 355 35.5 355
28 35.3 35.3 353
29 35.0 35.0 35.0
30 34.9 34.9 349

< 9

1 P ErgY w A | @ o '3 o ¥
wuhdeyanyailFlumsiiufindoyauazifouretuneufiames (Server) fu'ldunz

a4
¥

foyadgaiiutiudin 13findseauddoya EEPROM szasifudeyanigndeeenainanyad

LTl

Y o [ . - e = a &
1‘Hﬁluﬂ1'jﬂi?ﬂ?ﬂuﬁ5ﬁqmﬂgﬁ (Client} {AVZUUNANUAITUHANATAN AV
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43 manacesugnsdeyaiiyamslumaiiufindeyaunziendotunesfianed (server)

m'lé’mnum'ﬂﬂummnmnun-uwayn (Cltent aonmmﬁmonwmmm

%(( WIRELESS DATA LOGGER >>

| Input Key To Select Hode

= Run>> Connecting..Client
Print History to Honitor
Choose Save Data Address EEPROH

Test Read EEPROM
Test Write EEPROH
Delete Data
Format EEPROM

E'ﬂ‘ﬂ 15 Lkﬁﬂﬁ‘ﬁu'lﬁ]ﬂﬂ1'§‘lfl']~3'lu°l"iﬂﬂsllﬂﬁ“]fﬂﬂﬁl‘licluﬂ’]iijuﬂﬂﬂl'ﬂuﬂ!mul‘]mllﬂﬂﬂ']_lﬂﬂll‘ﬂ’]!.ﬁﬂﬂ‘i
{Server)

mdamnmey 0 Jusrduaninitiieondn

o Y o) M o - o P [ ar
m:‘r’mmmn'u 1 HunsdslfmumesiFuassinguugiudrdsdoyaumaasnadaintae

a Y

ADUA UADT smwﬁa“lﬂLﬂwuﬂﬂwmmnmﬂmwuwmmm%m EEPROM

Y

51 . Hun)) Bnnnectlng:}cl1ent“ﬂ

-AbBDR- -TEHP{c)-
' 28.7
28.4
28.4
28.3
28.3
28.3
28.2
28.2
28.2
28.2

28.2
28.1
28.1
28.0
28.1
28.8
28.8
28.1
28.0

28.4d]

GE~NONEFLON=So

51/7 16 usasmganpingan ¥ lumstiuindoyauasdeudeiunsuiunes (Server) Sul8
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o as <] a {1 1 a
f¥minaey 2 JunsdalduaasdoyafiegnslumissaruiWoya EEPROM sanun Tag
ﬁ1u15nn1HuﬁumWHQSﬁwﬂﬂanwsiwuﬁﬂqﬂ1aanu11ﬂ

= Print History to Honitor..{Max = 999 ADDR) |
- Please Enter 3 Digit...
{ Begin Data : B@8
End Data : 019

f History Data Temperature..

--nnnn— -TEMP({c)-
' 28.7
28.4
28.4
28.3
28.3
28.3
28.2
28.2
28.2
28.2
28.2
28.1

28.1
28.8
28.1
28.0
28.0
28.1
28.0
28.90

0
1
2
3
4}
5
6
7
8
9

End of data...

juii 17 uﬂﬂwmaﬂaﬂmﬂuwu'mmmmﬂuam EEPROM #90ALORMT o 000 g 019



n
8 &5

9/

Tlsunsuisusiinu

> 1

20
21
22
23
24
25
26
27
28
29
38

>> 3 -

;-HDDH- ~TEMP{cC)-

Choose Save Data Address EEPROM
Please Enter 3 Digit...

<< Hou Choose Address = @ >>

- Begin Save Address : 020

Run>> Connecting..Client

24

fmdmmnma 3 Juirdidimiudenneansaig imaiuindeyanluntisanud

< o o o ar oA a
Yoyn EEPROM 14 dandinnfmuaueansaudlnzdesldmdamaneay 1 doadald

28.4
28.6
28.6
28.6
28.7
28.6
28.6
28.6
28.6
28.7
28.7]

314 18 wamamstufindoyanstunieanusdoya EEPROM Raudueatmsa 020 £1 030
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v v L
fmdamnmay 4 Juddidiniunismaaseswuainiansitsanuidoya EEPROM daus

UDALATE 1000 B4 1015

Mmdamneny 5 Husrdidinfumsnensudeudayaidosmsaslumirsnnuifoya

1]
(= ¥ ¥

z ) ‘é -4 -3 u'l
EEPROM A4uALaAIATE 1000 84 1015 Fandannmouni5ovudoondnzdedldd1damuioay
4 aoedal¥eumonnin

fs - Test Write EEPROM

;Enter Test data : 15
g Write complete

Test Read EEPRDH

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

Read complete

101 19 uanamsisum 15 aslumitennudfoyn EEPROM ALAUBaAse 1000 £19 1015

wazaudoyaoanin
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Moy 6 Wumdedmiumadoun FE aslumiisanuidoya EEPROM Tag

(- ﬂ' T A Qs L]
asafvuaLesasandaesnms Idmeua1ae 1A Famdsnndsunicoviooudlezdesls

1
o L

Adananuan 2 daadalderuavanin

Please Enter 3 Digit...
" Begin Data : 870
- End Data : 875
- Begin Delete
———— Delete complete

82 = Print History to Monitor..{Max = 992 ADDR)
Please Enter 3 Digit...

Begin Data : 070

End Data : @75

| History Data Temperature..

~ADDR- ~TEMP(c)-

78 = FF_FF
71 = FF_FF
72 = FF.FF
73 : FF.FF
7z FF.FF
75 1 FF.FF

End of data...

>> 11

11 20 weraamsWeunt FF aslumitsauddeya EEPROM Asusuoaase 070 84 075

a

]
e )

My 7 dusrdadwmiunsdoudr rF - aslumiienw$rideya EEPROM A

LantaTt
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NN s

¥
ﬂ]ﬂllﬁzﬂﬁlﬂ“ﬁll“g

¥ L] [
Tasenuien il ldviinsesnuuunazad 1ami sslonlauaiuso lumsasiada

1% Y o a o ar 7] d‘. =y o 10 w k1] 9/
sunginazrdidayannuinaiiimiaseia lldundewwoniinaesfagrrenu’ld  Tapld

1
=) 1 7] 1

ey a' = ;é =3 4 = ‘é d' (- o
Fmsdemasunananing Fufluitasdess imaniled lideslFmodaygnalumsds

L.

Joya tdaaamazaanlunsoumnniy iiodoenisnaumgungizdeadsliyad
Wumsiuiindeyauozdoudefunouiaumed (Serven) defrdalfayaiildlumsnsania
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“Analog Transmission” available at: http://www.cpe.ku.ac.th/~anan/courses/204325/Doc2004/
06-2004-Analog-Tx.pdf

“Data Encoding” available at: http://www.cpe.ku.ac.th/~nguan/presentations/datacom/
encoding.pdf

“Digital Transmission™ available at: http://www.cpe.ku.ac.th/~anan/courses/204325/Doc2004/
05-2004-Digital-Tx.pdf
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setinit.h

JARITIAL COMMAND
void serinit() /initiai serial porl
{
SCON=0x50;
TMOD=0x20;
TH1=0xfd;
Ti=1;
TR1=1;

void dmsec (unsigned int count}  # mSec Belay 11.0582 Mhz
{
unsigned int i,
while{count)
ia {
=115;
while(i=0)
oot

count--;
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serd.h

#5end Raceive Wirelass

I4 == b reteperp s viofeabudostirisaponiuriadoduopreuueiade

fisend client -> server "HIGH"
unsigned char send_cli_se{unsigned char dataout)
{
unsigned char senddata;
senddata = (dataout<<4)80xfD;
return senddata;
}
J/ireceive of client "LOW"
unsigned char rec_cli(}
{
unsigned char receive;
receive = PS&IxO;
return receive;
!
/fsend servar -> client "LOW"
unsigned char send_sa_ct{unsigned char dataout)
{
unsigned char senddata;
senddata = dataout&0x0f,
e return senddata;
2o)
74 dreceive of sarver "HIGH"
2% unsigned char rec_se()
R
77 unsigned char receive;

receive = (P5>»4)&0x0f;

return receive;
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client.c

kincluda<REGS1ED2.H>
¢ #include<STDIOH>
#include<ABSACC.H>
¢ #include<SERD.H>
Hinciude<SETINIT.H>
. shbitDATA = P3~3; FADC data
shit CLK =P3"~4; /ADC clock
% shit A15_CS = P3°5; /"1 not read adc, ‘0’ read ada
% shit TE=P2°2; #'0"when sangl, 1" whan stop send {manual}

sbit VT = P2°3; #'1' when complete receive {auto setf)

it meomm= e T b S

char check.send_en,ram_gn;
int signal,addram;

unsigned char value[3];
unsigned int interruptent;

void timer( {void) interrupt 1

{

if (++interruptent == 200) # 1 sec = 5000

{
s if({vT==1)&&{send_an==0)) sand_an=1:

interruptent = 0; // clear int counter

1
=)
o Jf = o=z == zzzoz==

unsigned int read_ADC{unsigned char n)
{
char i,channei,
unsigned int k,volt;
k=0,
/I set config to use A/D OxGd = 111
A ji->startbit =1
/i-> SGL/~DIFF = 1 {singie snded made)
#-= QDDI~SIGN = { {use channal 0)
fi-> MSBF = 1 {get MSB first, but if set 0 get LS8 first)
A15_CS=0; / start use A/D (sensor)
aF iftn==0) channel= Cx{d; /fuse channai &

else channel= 0x0f; fiuse channal 1
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T it send config nibble dummy read NULL bit after config nibble

for{I=0; i<4; i++)

CLK=0;
iffchanngl&8) DATA=1;
else DATA=0;
CLik=1;
channel <<=1;
1
DATA=1; HEDIT oo
CLK=0;
/i now read 12-bit data
far(i=0; i<12; i++)
{
k<<=1;
CLK=1;
CLK=0;
HDATA==1) K [=1; FEDIT e,
else k &=~1;
}
A15CS=1; Jffend use ADC
Gt k&=0xfff,
vali=k*12;
13 volt=volt-200;
volt=voit-{volt%10); /digital calibrate

return volt;

Wy o ffemmomar i ===z

unsigned int x;
unsigned char z;
z=0;
x=read_ADC(0});
while{z<3)

{

switch(z)
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case 0 : value[0)=(x/1000)%10;
break;
i case 1: value[1]=(x100)%10;
break; '

case 2 : value[2]=(x/10}%10;

ot break;

; }

N Z++;

£ }
}

H i - oTomom T ™ =

senddatal)
{

55 unsigned char i;

for{i=0;i<3;i++)

2 {
a TE=0;
if(i==0)
24 {
PS=send_cli_se(0x0a);
dmsec{150);
i }
54 P5=send_cii_se{value[il);
if (valueli]==0}
i {
gix DR,
}
else printf( s valuelil);
R dmseac(150);
if{i==0)
{
Ps=send_cli_se(0x0c); #for same data bug
i dmsec(160);
}
if(i==1)
{
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P&=send_cli_se{Dx0b); /lor .
putchar('.);
dmsec(150);

}

putchar{ '),
P5=send_cli_se{0x0d);
dmsec(150);

s TE=Y;

[T S—— S -
P1=0x77; Yaddress reverse

P4=0x44,

Jr—— R I
P5=0x00,
P5=0xff;
dmsec{100);

i = e

P1=0x88; address for receive

P4=0x11;

check_din{)
{
unsigned char k.j;
iftsend_en==1)
{
= rec_ch();
if{k==0x0a) /freceive signal from server
{
for(j=0;j<20;i++)
{
spitl);
senddata(};

14 dmsec(500);

ff=====z=z=final signal sEEnS==sssmzoss
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TE=0;

P5=send_cli_se{0x0e);

dmsec(150);
TE=1;
i == = ==
P1=0x77; /address reverse
P4=0x44;
J: = === —m=======
P5=0x00;
P5=0xff;
dmsec(100);
i e
B P1=0x88; /address for receive
P4=0x11;
printf("yait cal from ‘Server. 0,
send_en=0;
1

void main{void)

A

175 fisetinterrupt imarD every 200 us(8hit auto reload)

serinit();
P1=0x88; /address for receive

P4=0x11; #address for send

THO=0x48:TLO=0x48;
TMOD]=0x02;

ETO=1;

EA=1;

TRO=1;

send_en =0Q;

while(1)

chack_din{);

printf(Cusy gt DN wall call from Barverisy);
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HEEPROM COMMAND PROGRAM

void wr_ee{void)
{
unsigned int j;
char a[2],b;

printf(" = Tesi Verile EEPROMAY);

printf("nknter ¥
al0} = ( Ox0f & getchar() }<<4;
a[1] = Ox0f&getchard);
b=alC]jalt):
for{i=0x7d0;i<=0x7df;i++)

i {

eeprom_write(i.b);
}
b printf(ta-- - Write complel@n’);

1

Ji==== = == == ====
void rd_ee(vaid}
s g
unsigned inti;
e printf(* = Test Read EEPROMIDNY,

for(i=0x7d0;i<=0x7df,i++)
o {
printf{*u © % et i-1000,eeprom_read(i));
}

“i printf("ure---Rand comptsten);

e

void format_ee(void)

{

unsigned inti;

printf(" = f
for{i=0x000;i<0x7ffi++)
{

eeprom_write(i,0xff);
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printf(e-Forma
!

40 ffmmmm oo s

4% yold choose_del{void)

char i,a[3].b[3];
A int x[3,y[3

wr);

wer 3 Digrd ),

printf(

printfCys Pis
printf(in Begin Data Y
P8 for(i=0;i<3;i++)
{
get_begin:
afi] = _getkey();
if((ali]<0x30)|{ali]>0x33)) goto get_begin;
prindf( e, alil);
}
for(i=0;i<3;i++)
L { ‘
x[i]=alil&0x0f;
s )
L X[01=x[0]*100;

i) x[1]=x[1]*10;
x[21=x{C1+x[11+xE2];

get_end_again:
04 printf(n End Dats 1)
£ for(i=0,<3;i++)

{

get_end:

te bli] = _getkey(};
e if({b[i}<0x30)|(b[i]>0x39)) goto get_end;
printf¢sc blil);

far(i=0;i<3;i++)

yli]=bli]&0x0f;
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y[0]=y[01*100;

F7 oyl

7 y[2l=yl0l+y [ ]+vI2]
if{y[2]<x[2])
{

printf(* 1* ERROF

mier agein U
ar goto get_end_again;
W 1

printf{ia—RBecin

for(i=x[2];i<=y[2];i++)
s
geprom_writefi*2, 0xff);
eeprom_write {(i"2)+1,0xff);
1
printf(*-e—-

compieleint)

I B O S

unsigned inti,count;

charc;

Temparature, id');

printf{iin Historg | ;
N

printf(-ALDR- -TEMP!
for(i=x;i<=y;i++)
_— {
s printf(in %t Sebw Sebi,eeprom_read(i*2}.eeprom_read((i*2}+1)});
e ifti==y)
{
printf(*
}
if{++count==20Q)
{

count=0;

printf{"nFress Spacebar o condinue,. "),
do
{

Page 3of 5



eecom.h

¢ = _getkeyl();
}
while(c!=0x20);

void history{void}
{
o char i,a[3],p[3];
int x[31,y[3];

printf(* = Print Higtory 1o Monfor. {Mox = 008 ADDRIY

printf("n Piease Eatar 3150 )
printf("r: Begin Data )
for(i=0;1<3;i++)
{
get_begin:
afil = _getkey();
if{(ali]<0x30)| (ali}>0x39)) golo get_begin;
prinif(“"-)-%r;".a{ij];
}
for(i=0;i<3;i++)
{
x[i]=a[i]&0x0f;
}
%[0]=x[D]*100;
x[1]=x[1]"10;
*[2]=x{0]+x[11+x[2];

ff JR——

get_end_again:

pAntf(n En Dass )

for{i=0;i<3;i++)

{
get_end:
blil = _getkey():
if{(blil<0x30)|(b[i1>0x39}) goto get_end;
printf % olil);
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for(i=0i<3;i++)

y[i1=b[i]&0x0f;
}
y[0]=y[0]*100;
y[11=y[1]"10;
17 y[21=y[0]+y[1]+y(2);
wnrifly[l=x(2])
{
printf(" ¥ ERROR arnier again 17,
goto get_end_again;
1
phistory(x[2].y[2]};
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Hwrite and read EEPROM

H
H

jlzmommoozoz ===
#include<absacc.h>

#tpragma DISABLE

void eeprom_write(unsigned int addr,unsigned char dat}

{

while{(EECON & 0x04 }'=0x00};
EECON = 0x02;

XBYTE[addr] = dat;

EECON = 0x00;

while((EECON & 0x011=0x00});
EECCN = Ox50;

EECON = Oxa0;

}

fipragma DISABLE

unsigned char eeprom_read (unsigned int addr)
{

unsigned char dat=0;
while{(EECON & 0x01)1=0x00);
EECCN = 0x£2;

dat = XBYTE[addr];

EECON = 0x00;

return(dat);

1
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#include<REGS1ED2.H>

7 #include<STDIO.H>
#include<EEPRCOM. H>
#include<EECOM.H>
Hinclude<SETINIT.H>

5 #Hincluge<SERD.H>

""" shit TE = P1~4; #7'0' whan send, *1' when stop send {manual}

shit VT = P1+5; // "' when complete recaive (auto set)

sbit SW = P176; /f Swilch

shit LED =P1°7, # Test LED

char *itie[ ] = “mn< WIRELESS DATA LOG

iz char*menul ] ="ninput Key To Se

\n == ====s======)
\n 0= Menuy
\n 1 = Run>> Connecting..Client,
\n 2 = Print History ta Maonitor
B \n 3 = Choose Save Data Address EEPROMM

ih \n 4 = Test Read EEPROM\
W1 & = Test Write EEPROM
\n 6 = Delete Datal

\n 7 = Format EEPROM\

e \n = === ============"

H== mmm I == =======

char send_en,read_gn,conti;
unsigned int ee_add,numdata;

unsigned int internuptent;

e = ==

connect_client{);
%5 receive_data_in()
{
unsigned int k;
char data_temp[3],data_final[2],data_snd,count_num;
count_num=0,
if{read_en == 1}
SE {
read_en=0;

data_end=0;
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do

k =rec_sa();

switch (k)

{

case 0x00 :

{
data_temp{count_num-++1=0x00;
white(0x00==rec_se(});

}

braak;

case 0x01 :

{
data_temp[count_num++]=0x10;
while{Dx01==rec_se{));

}

break;

case 0x02 :

{
data_temp[count_num++]=0x20;
while(Ox02==rec_se());

}

break;

case Ox03 :

{
data_temp{count_num++1=0x30;
while{Gx03==rec_se());

}

break;

case Gx04 -

{
data_tempfcount_num++3=0x40;
while(Ox04==rec_se()):

}

hreak;

case x5 :

{
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data_temp{count_num++]=0x50;
while(Ox05==rec_se(});

}

break;

case 0x06 :

{
data_temp{count_num++]=0x80;
whila{Oxt6==rec_se(});

!

break;

case Ox(}7 :

{
data_temp[count_num++]=0x70;
while{Ox07==rec_sel(})

1

break;

case 0x08 :

{
data_temp[caunt_num++]=0x80;
while(0x08==rec_se()};

1

break;

case 0x09:

{
data_temp[count_num++]=0x90;
while{0x09==rec_se());

}

break;

case Ox0b :

{
while(0xOb==rec_se(});

1

break;

case 0x0d :

{

data_end=1; /signal for end of dala

while(0x0d==rec_se());
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}
break;
case (x0e :
{
LED=0;
conti=1;
data_end=1;
dmsec(2000)
1
break;
}
1
while{!data_end);
if(conti==1)
e {
goto crossjump;
o }

data_temp[1]={data_tempi1]>>4)&0x0f;
dataufinal[O}=data_temp[ﬂ]+qata_temp{1 1;
data_final[1]:(data_temp[2]>>4)&0x0f:
printf("r 3t © " ee_add/i2);

TEE printf(*Sehx. % data_final[0],data_final[ 11);
eeprom_write{ee_add,data_final[0]);
eeprom_write(ee_add+1,data_final[1]);
eg_add=ee_add+2;

iftee_add==939)

e {
ee_add=0;
}
14t crossjump:
i iffconti=="1}
{
A4 fclear for next command

P2=0x55; /faddress far send
PA=0x99; /faddress for receive
P5=0x00;

P5=0xff;
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}

dmsec{100},
P2=0x88; {addrass for send
PA=0x11; ifaddrass 1or receive

LED=1;

ft=== === = mm=

connect_client()

{

if {(send_en==1)

{

send_en=0;

TE=0;

P5 = send_se_cli{(0x0z);
dmsec{200};

TE=1;

ficlear for next command
P2=0x55; #address for send
P4=Ox99:f;‘a'ddress for recelve
P5=0x00;

PE=0xft;

dmsec(100);

P2=0x88, /faddress for send

P4=0x11;/address for receive

tranfer{)

{

printf{" = Rure= Connesting. . Clie

printf{tn-AGCR- -TEMPCH),

while{1)

{

send_en=1,
conti=0;

connect_client{);
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while(lconti)
{

receive_data_in();

123 void timerQ (void) interrupt 1

s |

{
for iff{(VT=="1)&&(send_en==0)}
{
read_en=1,
G }

interruptcnt = @; // clear int counter

P

H==== === e e

void address_save(void)

char i,a[3];

A int x[3];

A printf{’ — Choose Save Data Addrass EEPROMY);
3

printf{" <=2 Now Choote Address = Seu 0" ee_add/2);

printf{"y Ficase Snter 3 08

printf(“5 Bagin Save Acdress ©7);

for(i=0;i<3;i++}

{
get_begin:
ali] = _getkey();
if({alii<0Ox30)|(ali}=0x39}) goto get_begin;
printf{%c,a[il);

;

for(i=0;i<3;i++)}

{

s ¥[1=ali]&axCf;
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}
x[03=x[0]*100;
*x[13=x[1]*10;

x[2)=x{0]+x[1]+x(2;
ee_add=x[2}"Z;
)

[ —

Jf==m

vaid main(void)
{

charg;

serinit();

it P2=0x88; #addrass for send

P4=0x11;/address for recaive

THO=0x48;
TLO=0x48;
TMCD|=0x02;
ETO=1,;
i EA=TS
TRO-1,
ek ee_add=0; /3a1 stan address of EEFROM
puts{*titie);
puts{*menu);
while(1)
g
do
{
do
{
printf("o-= "),
c = _getkey{);
1
while(c==0x13);
printf("%",c);
iflc==0x30) puts(*menu};
if(c==0x31) tranfer();

Ysat interrupt imer0 every 200 us(Bbil auto reload)
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iflc==0x32) history(};

iflc==0x33) address_save();

if{c==0x34) rd_ee();
if(c==0x35) wr_se();
iffe==0x36) choose_del();
if{c==0x37) format_ee(};

it }
while (¢ != 0x13};
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Features

« 80C52 Compatible
— B051 Instruction Compatible
— Six 8-bit /0 Ports (64 Pins or 68 Pins Versions)
« Four 8-bit /0 Ports (44 Pins Veraion)
= Three 16-bit Timer/Countera
— 256 Bytes Scratch Pad RAM
= 9 Interrupt Sources with 4 Priority Lovels
+ Integrated Powsr Monitor {(POR/PFD) to Supervise Internal Power Supply
ISP {In-System Progremming) Using Standard V.. Power Supply
2048 Bytes Boot ROM Contains Low Level Flash Programming Routines and a Defauit
Serial Loader
» High-speed Architecture
- In Standard Mode:
40 MHz (Vee 2,7V to 5.5V, both Internal and external code execution)
60 MHz (Vce 4.5V to 5.5V and Internai Code execution only)
= In X2 moda (8 Clocks/machine cycle)}
20 MHz (Vee 2.7V to 5.6V, both Internal and external code execution)
30 MHz (Vec 4.5V to 5.5V and Internal Code execution only)
+ 64K Bytes On-chip Flash Program/Data Memory
~ Byte and Pago (128 Bytes) Erase and Writa
- 100k Write Cycles
* On-chip 1792 bytes Expanded RAM (XRAM)
~ Software Scolectable Size (0, 258, 512, 768, 1024, 1792 Bytes)
— 768 Bytes Selected at Reset for TBSCS1RD2 Compatibility
+ On-chip 2048 Bytes EEPROM Block for Data Storage (AT89C51ED2 Only)
~ 100X Write Cycles
Dual Data Pointer
Variable Length MOVX for Slow RAM/Peripherals
improved X2 Mode with Independent Selection for CPU and Each Peripheral
Keyhoard Interrupt Interface on Port 1
SPI Interface {Master/Slave Mode)
8-bit Clock Prescaler
16-bit Programmable Counter Array
- High Speed Output
- Compare/Capture
=~ Pulse Width Modulator
— Watchdog Timer Capabilities
Asynchronous Port Reset
Full-dupiex Enhanced UART with Dedicated Intermal Baud Rate Generator
Low EMI (Inhibit ALE)
Hardware Watchdog Timer {One-time Enabled with Reset-Out), Power-off Flag
Power Control Modes: Idle Mode, Power-down Mode
Single Range Power Supply: 2.7V to 5.5V
Industrial Temperature Range (-40 to +85°C)
Packages: PLCC44, VQFP44, PLCCE8, VQFP64, PDIL40

-

Description

4T89C51RDZ/ED2 is high performance CMOS Flash version of the 80C51 CMOS sin-
jle chip 8-bit microcontroller. It contains a 64-Kbyte Flash memory block for code and
‘or daia.

The B4-Kbytes Flash memory can be programmed either in parallel mode or in serial
node with the ISP capability or with software. The programming voltage is internally
Jenerated from the standard V. pin.

AIMEL

Y

8-bit Flash
Microcontroller

AT89C51RD2
AT89C51ED2
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EEPROM Data This feature is available only for the ATBSC51ED2 device.

Memory The 2K bytes cn-chip EEPROM memory block is located at addresses 0000h to 07FFh
of the XRAM/ERAM memory space and is selected by setting control bits in the EECON
register.

A read or write access to the EEPROM memory is done with a MOVX instruction.

Write Data Data is written by byte to the EEPROM memory block as for an extenal RAM memoary.

The following procedure is used to write to the EEPRCM memory:
» Check EEBUSY flag

+ |f the user application interrupts routines use XRAM memory space; Save and
disable interrupts.

* Load DPTR with the address to write

+  Store A register with the data to be written
»  Set bit EEE of EECON register

+ Execute a MOVX @DPTR, A

*  Clear bit EEE of EECON register

+ Restore interrupts.

+ EEBUSY flag in EECON is then set by hardware to indicate that programming is in
progress and that the EEPROM segment is not available for reading or writing.

+ The end of programming is indicated by a hardware clear of the EEBUSY flag.

Figure 38 represents the optimal write sequence to the on-chip EEPROM data memory.

ATMEL o
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Figure 38. Recommended EEPROM Data Write Sequence

EEPROM Data Write
Sequence

EEBusy
Cleared?

Save & Disable IT
EA=0

Y

EEPROM Data Mapping
EECCN = 02h (EEE=1)

!

Data Write
DPTR= Address
ACC= Data
Exec: MCVX @DPTR, A

i

EEPROM Mapping B
EECON = 00h (EEE=0)

o< otoms
92 AT 89 C 51 RID 2/ E D2 1500000000000

4235G-8051-08/05
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Read Data The following procedure is used to read the data stored in the EEPROM memory:

Check EEBUSY flag

If the user application interrupts routines use XRAM memory space: Save and
disable interrupts.

Load DPTR with the address to read
Set bit EEE of EECON register
Execute a MOVX A, @DPTR

Clear bit EEE of EECON register

'Restore interrupts.

Figure 39. Recommended EEFROM Data Read Seguence

1235G—8051-08/05

EEPROM Data Read
Sequance

usy

Cleared?

Save & Disable IT
EA=Q

EEPROM Data Mappling
EECON = 02h (EEE=1}

e

Data Read
DPTR= Address
ACC= Data
Exsc: MOVX A, @DPTR

B

Last Byte
fo Read?

EEPROM Data Mapping
EECON = 00h {EEE = D

!

Restore IT

'

AIMEL 9



Registers

94

AIMEL

EECON (0D2h)
EEPROM Control Register

Tahle 66. EECON Register

7 8 B 4 3 2 1 0
| . ] . | . - . - EEE EEBUSY
Bit
Bit Number | Mnemonlc | Description
7.2 A Reserved
The value read from this bit is indeterminate. Do not set this bit.
Enable EEPROM Space bit
E Set to map the EEPROM space during MOVX instructions (Write or Read to
1 EE | the EEPROM.
Clear to map the XRAM space during MOVX.
Programming Busy flag
Set by hardware when programming is in progress.
0 EEBUSY o
Cleared by hardware when programming is done,
Can not be set or cleared by software.

Reset Value = X000 XX00b
Not bit addressable

AT 89C 51 RID 2./ E D 2 1550000000000

4235G-8051-08/05



RF ASK Low Cost Hybrid Modules for Radio Control and Telemetry applications

TLP-434 Transmitter RLP-434 Receiver
—— 43 5 N pin 1:Gnd
pin 1 : Voo - - pin 2 : Digital Data Cutput
16, 8o . . in3:L Qutput
® pin 2 ”<2_ Freq. Adjust. “.” 4 <,““n.= i
12 314 5 6 pin 3 : Gnd 11. S —_— in 6 ; Vee
- pind : Gnd 1301 s 5678 v- mnmn
[T ene:eros = == TTIT onriow
- Pin & Digital Data Input _ _ _ _ .—..—..—..—. pin 8 : Antanna { About 30 - 36 am )
Modulation : ASK
Frequency 315, 418 and 433.92MHz Frequency 315,418 and 433.92MHz  supply Voltage : 4.5- 5.5 VDG
OCutput ; Digital & Linear
Modulation : ASK Sensitivity : 3uVrms
Operation Voltage : 2 - 12 VDG
RF Cutput Power : BmW 3.6V
— - - Symbal Parameter Conditions Min Typ Max
Symbol Parameter Conditions Min Typ Max Unit
g .

Veec  [Operating supply voitage 20 - 12.0 v o Ovm_,m:.:m supply voliage 43 5 ”,u v
o Peak Currori N 3 . A aw“o_ Ov«qﬂsw Current _ . - 3.5 <.m :“P
Vh _ linput High Volage [data— 100uA (High) |[Vec0.5 | Ve |Veor03| vV ata ata Out _“EH *200uA (High) } Vee:0.5 | - o -
VI linput Low Voltage Idata=0uA (Low) | - - 0.3 v —— — Mata=-10uA (Low) - - 0.3
FO  |Absolute Frequency 315Mhz module | 3148 | 315 | 3152 | MHz ectrical Charactenstics

Relative To 433.92MHz +-150 | +-200 | Kz Characteristics SYM Min “ Typ Max Unit

PO RF QOutpit Power- 50ohm Yee =9 to 12V - 16 - dBm Operation Radio Frequency FC 315,418 and 434 MHz

Vec=5Vto6Y - 14 - dBm Sensitivity Pref =100 =103 -106 dBm
DR Data Rate External Encoding - 24K 3K bps Channel Width +-1.5 Khz
Notes : ( Case Temperature = 25°C +- 2°C , Test Load Impedance = 50 ohm ) Receiver Turn On Time 5 ms
L. ; . Noise equivalent BW NEB 4 Khz
Application Circuit I: Baseboard Data Rate 3 5 Khz,
Typical Key<hain Transmitter using HT12E-18DIP, a Binary 12 bit Encoder from
Hoitek Semiconductor Inc. L. .,
Application Circuit IT:
vdd Vdd Typical RF Receiver using HT12D-18DIP, a Binary 12 bit Decoder with 8 bit uC HT48RXX from
1 - 18 1.2 Hottek Semiconductor Inc.
—~—{ A0 Vdd I [ 5
A1 Dou " Todeirpa| T B cuiput 1 1a Y+
s ode Inpul —
A2 osel —MAp,. P oup a0 vag— 1 2
| ] A3 osc? e I_lw.. 4 s T
—— A4 TE - T]A2 sl ey 1
Eh - ADTT " T A3 0802 TGN D ANT
AS [ a4 DIN |--Bose < T kDigiled Out GND
LS A6 AD10 AD8, 910811 N P “HLnosr Out  GND
- ~—{ a7 ADI|—"~ Data bit or Address bit >— B D10 hass Voo
AD8 |~ “eind DY -
1 gl¥s m 1 A0-a7 v o L RLP434
- = b . 1 i -
HT12E Address bit i HT12D PBi -
FH2 ol . . "ol
Fog osed —= Ata
FB4 WVis L Piczo Alamm
VoI FEPoakar e PEG P e Qs;tzﬁlr_
Seiid IMafece == JPR6 Pal [—= Relay ki
i Light Controd s { p; 2
Laipac Technology, Inc. 9 PBZ PAIp——

 LAIPAC 0 bd uC ﬁ%mww:
TEMM

105 West Beaver Creek Rd. Unit 207 Richmond Hill Ontaric L4B 1C6 Canada
Tel: (905)762-1228 Fax: (905)770-6143 e-mail: info@laipac.com




HOLTEK

HT12A/HT12E

2'? Series of Encoders

Features
¢ Operating voltage
- 2.4V~5V for the HT12A
- 2.4V~12V for the HT12E .

¢+ Low power and high noise immunity CMOS
technology

¢ Low standby current: 0.1pA (typ.) at
Vpp=5V

» HTI12A with a 38kHz carrier for infrared
transmisgion medium

Applications

» Burglar alarm system

+ Smoke and fire alarm system
s QGarage door controllers

« Car door controllers

General Description

The 2'? encoders are a series of CMOS LSIs for
remote control system applications. They are
capable of encoding information which consists
of N address bits and 12-N data bits. Each ad-
dress/data input can be set to one of the two
logic states. The programmed addresses/data
are transmitted together with the header bits

Selection Table

»  Minimum transmission word

- Four wordg for the HT12E

- One word for the HT12A

Built-in oscillator needa only 5% resistor
Data code has positive polarity

Minimal external components

HT12A/E: 18-pin DIP/20-pin SOP package

Car alarm aystem

Security gystem

Cordless telephones

Other remote control aystems

via an RF or an infrared transmission medium
upon receipt of a trigger signal. The capability
to select a TE trigger on the HT12E or a DATA
trigeer on the HT12A further enhances the ap-
plication flexibility of the 2% geries of encoders.
The HT12A additionally provides a 38kHz car-
rier for infrared systems.

Funetion| Aqdress | Address/ | Data . . Carrier | Negative
Part No. No. |DataNo.| No. Oscillator | Trigger | Package Output | Polarity
465kHz 18 DIP
HT12A 8 0 4 resonator Ns-~-DN11 20 SOP 38kHz No
e 18 DIP
HTI12E 8 4 o oscillator TE 20 SOP No No

Note: Address/Data represents pins that can be address or data according to the decoder require-

ment.
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HDLTEI(#

HT12A/HT12E

Block Diagram

TE trigger
HT12E

0sCz2 0sC1

¥ 3

TEC Oscittator |—>| 3 Divider Data Select DOUT
TE >_.|~ i & Buffer ;
T b
p +12 Counter & Sync.
A.Dc \ ~[*7 10112 Decoder [ ™| Gircuit
i { | 12 Transmission
b Gate Circuit
ATO—S Binary Detector
S &nd
ADB ------- AD11 vbD vSs
DATA trigger
HT12A
%2- x1
| oscilator  |-#{ 576 Divider Data Select 05 pout
& Buffer

LUMB 0——+ T

('>_ » +12 Counter & Syne.,
A 1 1 of 12 Decader [®] Circuit

! 12 Transmission
b Gate Circuit
ATC— Binary Detector

ol

D§ -----—- 0111 VDD VES

- S S

Note: The address data pins are available in various combinations (refer to the address/data tahle),
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HCILTEI(#

HT12A/HT12E
Pin Assignment
8-Address 8-Address 8-Address 8-Address
4-Data 4-Data 4-Address/Data 4-Addrass/Data
- nelr — 20pne - ncOt — 20PN
A0 18 [1VDD a0z 15[JvDD A0 18 {JVDD FXilm P 180 VDD
Az 17 3 DOUT A1) 183JpouUT A1z 17O DOUT A1 3 18 [J DOUT
A2(ds3. 16 azda 173%1 A2(]3 18[108C1 A2 4 170 0sc1
AdCt4 15 A3s 16[1x2 A3[]4 18] 0OScz2 A30s 16 ] 05C2
A5 14 uUMB e 15 L/MB A4[]5 14{]TE A6 15ITE
ASLC]6 1301 ASC]7 14D A5[]6 132 ADH As] 7 14 [ ADT1
AG]7 120010 Asl8 13D ALY 120 AD10 A6Os 13[JAD1D
A7[]8 11 ATO9 120D9 ATL[]SB 1M[OADS ATO g 12[JADS
vss[]9 10108 v8S[] 10 110Ds v8s[]9 10[JADS VS8 10 11[dADE
HT12A HT12A HT12E HT12E
-18DIP - 20 SQP =18 DIP -20 S0P
Pin Description
. Internal . .
Pin Name | LI'O c . Description
onnection
CMOSIN
Pull-high
(HT12A)
AO-AT NMOS Input pins for address AD~A7 setting
nggESION These pins can be externally set to VSS or left open
PROTECTION
DIODE
(HT12E}
NMOS
TRANSMISSION
ADB~ADI1 GATE Input pins for address/data ADB~AD11 setting
PROTECTION | These pins can be externally set to VSS or left open
DIODE
(HT12E)
Input pins for data D8~D11 setting and transmission en-
D8-DI1 CMOSIN able, active low
Pull-high These pins should be externally set to VSS or left open
{see Note)
DOUT CMOS OUT Encoder data serial transmission output
CMOS IN Latch/Momentary transmission format selection pin:
L/MB Pull-hich Latch: Floating or VDD
uil-hig Momentary: VS8

3 April 11, 2000
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HT12A/HT12E

Pin Name |I/O C Intern!al Description

onnection
TE I %?S};ﬁ Transmission enable, active low (see Note)
08C1 I | OSCILLATOR 1 | Oscillator input pin
08C2 O | OSCILLATOR 1 |Oscillator output pin
X1 I | OSCILLATOR 2 | 455kHz resonator oscillator input
X2. O | OSCILLATOR 2 | 455kHz resonator oscillator output
VSsSs I —_ Negative power supply, grounds
VDD I — Positive power supply

Note: D8~D11 are all data input and transmission enable pins of the HT12A.
TE is a transmission enable pin of the HT12E,

Approximate internal connections

NMOS
TRANSMISSION
GATE

L

CMOS IN
Pull-high

CMOS OUT

QSCILLATOR 1

OSCILLATOR 2

X1 [ X2

—_r

Vo

NMOS TRANSMISSION GATE
PROTECTION DIODE

Absolute Maximum Ratings

Supply Voltage (HT124A) .............. —0.3V to 5.5V
Vgg—0.3 to Vpp+0.3V
Operating Temperature..............~20°C to 76°C

Input Voltage...........

Supply Voltage (HT12E)

—0.3V to 13V

Storage Temperature................. ~50°C to 125°C

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maxi-
mum Ratings” may cause substantial damage to the device. Functional operation of this device
at other conditions beyond those listed in the specification is not implied and prolonged expo-
sure to extreme conditions may affect device reliability.
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HT12A/HT12E
Electrical Characteristics
HT12A Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
Vop Operating Voltage — — 2.4 3 5 v
3V — | 01 1 A
Igrg Standby Current Oscillator stops
5V — | 02 1 pA
3V -— 200 400
Ipp Operating Current tI‘\Io liii5kH ua
5V |losc= z - 400 | 800 | pA
Vonu=0.9Vpp (Source) -1 -1.6 — mA
Inour | Output Drive Current | 5V o Do -
VOL=0. 1VDD (Slnk) 2 3.2 — mA
Vin "H" Input Voltage — —_ 0.8Vpp| — Vop v
ViL "L Input Voltage — —_ 0 — |0.2Vpp| V
D8~D11 Pull-high _
Rpara Resistance 5V | Vpata=0V — 150 | 300 | kQ
HT12E Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max, | Unit
Vobp Conditions
Vop Operating Voltage —_ — 2.4 5 12 \'
_ 3V — | 02 1 HA
Istn Standby Current Oscillator stops
12V —_ 2 4 pA
v load —_ 40 80 pa
Ipp Operating Current fNo (_)_a3 kH
12v |losc=oxhz — 150 | 300 | pA
Vou=0.9Vnp (Source} -1 -186 — mA
Ingur | Output Drive Current 5V
Vor=0.1Vpp (Sink) 1 1.6 — mA
ViH "H” Input Voltage — — 0.8Vppi — Voo v
ViL "L"” Input Voltage . — 0 — |0.2Vpp V
fosc Oscillator Frequency 5V |Roge=1.1MQ — 3 — kHz=
RTg TE Pull-high Resistance | 5V | Vig=0V — 1.5 3 MO
5 April 11, 2000
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Functional Description

Qperation

The 212 series of encaders begin a 4-word transmission cycle upon receipt of a transmission enable
(TE for the HT12E or 'D8~D11 for the HT12A, active low). This cycle will repeat itself as long as the
transmission enable (TE or D8~D11) is held low. Once the transmission enable returns high the en-

coder output completes its final cycle and then stops as shown below.

& | | |

—»| |4 <1word
Enceder
DOUT
Transmitted
e~ 4words —pf f— Continuously W= 4 words —p|

Transmission timing for the HT12E

Da~D11 | l
Key-n
—»{ |4 <1word
Eneader with 38kHz carrier
le—  Transmited .y
e 1 word Continunlu?.ily - 1 word
Transmission timing for the HT12A {L/MB=Floating or VDD)
DE~D11 | |
Key-in (all data=1)
-» 4 <1word |- 7 words -
Encoder
pouT
Transmitted
- & 7 words ja— Contntioualy —] |- 1 word

T word (all data=1)
Transmission timing for the HT12A (L/MB=VS55)

6 April 11, 2000
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information word

If L/MB=1 the device is in the latch mode (for use with the latch type of data decoders). When the trans-
mission enable is removed during a transmission, the DOUT pin outputs a complete word and then
stops. On the other hand, if L/MB=0 the device is in the momentary mode (for use with the momentary
type of data decoders). When the transmission enable is removed during g transmission, the DOUT
outputs a complete word and then adds 7 words all with the “1” data code.

An information word consists of 4 perieds as illustrated below.

Z

” % ig- 113 bil sync. paried !

4——  plotperiod (12bits)  ——# 4— address code period  —mie— datacode !

Composition of information

Address/data waveform
Each programmable address/data pin can be externally set to one of the following two logic states as

shown below.
fosc_ I!]IIIII'I'IIllIII ||[ll
"o T LT

2o | ] L

Address/
> Data Bil

Address/Data bit waveform for the HT12E

fase 7
38k
Mm@ W i
Data Bit[

"Zero"

—» DataBit

SO | —

—» Address Bit -

Address B'rt[

Address/Data bit waveform for the HT12A

ki April 11, 2000
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The address/data hits of the HT12A are transmitted with a 38kHz carrier for infrared remote con-
troller flexibility.

Address/data programming (preset)

The status of each address/data pin can be individually pre-set to logic “high” or "low". If a transmis-
sion-enable signal is applied, the encoder scans and transmits the status of the 12 bits of ad-
dress/data serially in the order A0 to AD11 for the HT12E encoder and AQ to D11 for the HT12A
enceder.

During information transmission these bits are tranamitted with a preceding synchronization bit. If
the trigger signal is not applied, the chip enters the standby mode and consumes a reduced current of
less than 1uA for a supply voltage of 5V.

Usual applications preset the address pins with individual security codes using DIP switches or PCB
wiring, while the data is selected by push buttons or electronic switches.

The following figure shows an application using the HT12E:

™1

0sct 08C2

Transmission

DOUT ™ medium

VDD AD A1 A2 A3 A4 A5 A5 A7 VSS TE ADB AD9 AD1D AD11

Voo

V8s

The trangmitted information is as shown:

Pilot | A0 Al A2 Al A4 Ab A6 A7 | ADS | ADS | AD10 | AD11
&
Syne. 1 0 1 0 0 0 1 1 1 1 1 0

8 April 11, 2000
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Address/Data sequence

The following provides the address/data sequence table for various models of the 212 geries of
encoders. The correct device should be selected according to the individual address and data require-
ments.

Address/Data Bits
Part No.
0 1 2 3 4 5 _ 6 7 8 9 10 11
HT12A AQ Al AR A3 A4 A5 A6 A7 D8 D9 D10 | D11
HT12E A0 Al A2 A3 A4 A5 A6 A7 | AD8 | AD9 |AD10 | AD11

Transmission enable

For the HT12E encoders, transmission is enabled by applying a low signal to the TE pin. For the
HT12A encoders, transmisgion is enabled by applying a low signal to one of the data pins D8~D11.
Two erroneous HT12E application circuits

The HT12E must follow closely the application circuits provided by Holtek (see the “Application cir-
cuita”).

* Error: AD8~AD11 pins input voltage > Vop+0.3V

05C1 ADM1

TE AD10
vss ADD
ADS |9

i
HT12E 77

9 April 11, 2000
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* Error: The IC's power source is activated by ping ADS~ADI11

12v

VDD ’ ?

{ 0sc2
0sct AD11 AA

JE ADMD AN/
ADY AA

VSS ¥
ADB| o AA

HT12E
Flowchart
* HT12A « HT12E
I Power an ' l Power on
g
Standby mode Standby mode
Data enable? ransmission
enabled 7
Yes Yes
y
Data with carrier 4 data words
serial output transmitted
v
ransmission

still enabled

Data still enabled 7

4 data words
transritted
continuousky

r | I

Send the | |Send "1 7 times for
last code | |all of the data codes

5 |

Mote: D8~D11 are transmission enables of the HT12A.
TE is the transmission enable of the HT12E.
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Oscillator frequency vs supply voltage

fose
(Scale)
Ros¢ (1)
7.00 [ ;
. N A B S
| _________7—"
B e 510k
// | :
6.00 |- [ — —
- / = -
L }/ "1 | 620k
5.00 | e o =y
i h ,,»—-“‘/ | eaok
I f I L 70
400 | p <l s - 820k
L Il — E—— 810k
- ////// t—TT e 1.0M
(3KH2)3.00 |- (1A il e
L //// 1M
- y// T — e Y F)
2,00 |- 7 s
- /
- P 2.0M
- 7 '
1.00 |- : /
s
| | | | ! | ! ! | 1 } | |
2 3 4 5 & 7T 8 8 10 1t 12 13 Voo(vDC)

The recommended oscillater frequency is fogop (decoder} = 50 fogcg (HT12E encoder)
= 3 foscr (HT12A encoder)

11 April 11, 2000
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Application Circuits

Vop 1004 -
Transmitiar Circuit A

§ VoD
ol 18 :
AD vbD 10K2 B050 ~e_1lA0 vDo 118
o2 17
A1 pout A1 pouTfr
3 16 455k
oY A2 X1 }-$100pF A2 osci1[iB
= <10MG Rosc
1
o2 a3 xz [18 ¢ 100pF A3 oscz[i8
i FYRRT 1Y b N A4 TE[M 3"
-5 as D11 [13__gm A5 api B35
~o—"| rs p1o 12z A6 ADWPZ 5
~~o_8] a7 polll e 1 A7 ape| g
8lyss s Lﬂﬁ' ves  apsf@ g
tZd
HT12A HT12E

Note: Typical infrared diode: EL-11.2 (KODENSHI CORP.)
Typical RF transmitter: JR-220 (JUWA CORP.)
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HOLTEK

HT12D/HT12F
2'? series of Decoders

Features

* Operating voltage: 2.4V~12V
* Low power and high noise immunity CMOS
technology

¢ Low standby current

¢ Capable of decoding 12 bits of information
* Binary address setting

* Received codes are checked 3 times

* Address/Data number combination
- HT12D: B address bits and 4 data bits
— HT12F: 12 address bits only

Applications

* Burglar alarm system

* Smoke and fire alarm system
* Garage door controllers

* Car door controllers

General Description

The 2'*decoders are a series of CMOS LSis for remote
control system applications. They are paired with
Holtek's 2'2 series of encoders (refer to the encoder/de-
coder cross reference table). For proper operation, a

pair of encoder/decoder with the same number of ad-

dresses and data format should be chosen.

The decoders receive serial addresses and data from a
programmed 22 series of encoders thal are transmitted
by a carrier using an RF or an IR transmission medium.
They compare the serial input data three times continu-

Selection Table

* Built-in oscillator needs only 5% resistor
* Valid transmission indicator

» Easy interface with an RF or an infrared transmission
medium

* Minimal external components
= Pair with Holtek's 2'? series of encoders
* 18pin DIP, 20-pin SOP package

* Car alarm system

* Security system

+ Cordiess telephones

+ QOther remote control systems

ously with their local addresses. If no error or un-
matched codes are found, the input data codes are
decoded and then fransferred to the output pins. The VT
pin alsc goes high to indicate a valid transmission.

The 22 series of decoders are capable of decoding
informations that consist of N bits of address and 12—N
bits of data. Ofthis series, the HT12D Is arranged to pro-
vide 8 address bits and 4 data bits, and HT12F is used to
dacode 12 bits of address information.

Function Data
Ad:ress Oscillator Trigger Package
Part No. o. No. Type
HT12D B 4 L RC oscillator | DIN active "Hi* | 18DIP, 20SOP
HT12F 12 0 o RC oscillator DIN active "Hi" | 18DIP, 20SOP

Notes: Data type: L stands for laich type data output.

VT can be used as a momentary data output.

Rev. 1.10

November 18, 2002
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HT12D/HT12F
Block Diagram
05C2 0OSC1
?.._
{ Osciator I—.| Divider |—l [ oo — e
I Regi | Latch Circuit | ! Dala
- gister NN L iy
1 »>
DIN ()—bl Bul‘ﬁarlI _'iiDala Detecior}— I
T | )
8yne. Detector Comparator < Comparalor Control Logic
T F
¥ ¥ h J
l Transmission Gate Circuit | Buffer [—OVT
— gy

S
Address

B W
vbD  vss

Note: The address/data pins are availabie in varicus combinations (see the address/data table).

Pin Assignment

8-Address 8.Address 12-Address 12-Address
4-Data 4-Data 0-Data D-Data
T L
o NC ] 20[0NC . NC 31 20[INC
A1 18 vDD A0C]2 190 voD A0 18[JvDD A0LC]2 19vDD
Atz 17EaVT A3 180VT Atz 170Vt At{d3 180VT
A2[]3 s[1osct  A2(]4 1700sct  Az2[d3 160osc1t  az{]s 17D oscH
A3C]4 150 0sc2  A3[]5 16[Josc2  A3[]4 15]oscz  A3]s 181 0sC2
Ads 140] DIN Ad1s 15[ DIN A4S 14 DIN Ad] B 15[DIN
As[]s6 130D11 A7 14[1D11 AS(ES 13AN AsC7 140 AN
A7 120 D10 A6 8 13 D10 ABLTT 12[3A10 AsC) B 13[3A10
AT[]8 11[JDs AT]g 12[dDg Arda M OAs ATCJo 12{0A9
VEsS[9 10008 vss{10 11[D8 V589 10[3A8 vSsSCg10 110 A8
HT12D HT12D HT12F HT12F
-18 DIP-A - 20 SOP-A - 18 DIP-A =20 SOP-A
Pin Description
. Internal .
Pin Name 1o Connection Description
- Input pins for address AQ~A11 setting
AD~A11 (HT1ZF) | NMOS These pins can be extemally set to V5SS or left open.
Transmission Gate i - ;
AO~A7 (HT12D) Input p|r15 for address AQ~A7 setting
These pins can be extemally set to VSS or left open.
De~D11 (HT12D) 0 CMOS QUT Output data pins, power-on state is low.
DIN | CMOS IN Serial data input pin
VT O CMOS OUT Valid transmission, active high
0SsC1 | Oscilkator Oscillator input pin
08C2 O Oscillator Oscillator cutput pin
VS8 — — Negative power supply, ground
VDD — — Positive pawer supply
Rev. 1.10 2 Navember 18, 2002



HOLTEK i ’ HT12D/HT12F

Approximate internal connection circuits

NMOS
Transmission Gate CMOS DUT CMOS IN Oscillator

J:FLI__(-_-‘ —DO—D D—[>o— osCt T._L'DE—D-’D osc2

Absolute Maximum Ratings

Supply Voltage .........coeeviceev =03V 1D 13V Storage Temperature____,,,____,__,_,,_,,__.__,,,—50°C to 125°C
fnput Voltage ......ccooveecineeeci e Vigg—0.3 to Vpp+0.3V Operating Temperature........c....covcueenn..,—20°C to 75°C

Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maximumn Ratings” may
cause substantial damage to the device. Functional operation of this device at other conditions beyond those
listed in the specification is not implied and prolonged exposure to extreme conditions may affect device reliabil-

ity.

Electrical Characteristics Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
Voo QOperating Voltage — . 24 5 12 v
5V — | o1 1 17
Ista Standby Current QOscillator stops
12v — | 2 4 | A
oo Operating Current 5V | Nolead, fogc=150kHz | — 200 | 400 pA
| Data Output Source Current (D8~D11) | &V | Vou=4.5V -1 -1.8 | - mA
o
Data Qutput Sink Cuirent (D8~D11) 5V | Vp =0.5v 1 1.6 — mA
\ VT Qutput Source Current Vou=4.5V -1 i -16 | — mA
T 5v
VT Qutput Sink Current Vo =0.5V 1 1.6 — mA
Vi "H" Input Voltage 5v — 35 | — 5 v
Vi “L” Input Voltage 5V — o — 1 v
fosc Oscillator Frequency 5V | Rosc=51kQ — 1180 | — | kHz

Rev. 1.10 3 November 18, 2002
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HT12D/HT12F

Functional Description
Operation
The 2'? series of decoders provides various combina-

tions of addresses and data pins in different packages
50 as to pair with the 2'2 series of encoders.

The decoders receive dala that are transmitted by an
encoder and interpret the first N bits of code period as
addresses and the last 12-N bits as data, where N is the
address code number. A signal on the DIN pin activates
the oscillator which in turn decodes the incoming ad-
dress and data. The decoders will then check the re-
ceived address three times continuously, If the received
address codes all maich the contents of the decoder’s
local address, the 12-N bits of data are decoded to acti-
vate the output pins and the VT pin is set high to indicate
a valid transmission. This wilk last unless the address
code is incorrect or no signal is received.

The output of the VT pin is high only when the transmis-
sion is valid. Otherwise it is always low.

Output type

Of the 2'? series of decoders, the HT12F has no data
output pin but its VT pin can be used as a momentary
data output. The HT12D, on the other hand, provides 4
latch type data pins whose data remain unchanged until
new data are received.

Flowchart

The osclllator is disabled in the standby state and acti-
vated when a logic "high” signal applies to the DIN pin.
That is to say, the DIN should be kept low if there is no

signal input.

Disabla VT &
ignore the rest of
this word

[

Address bits
matched 7

Match
previous stored
data ?

No

Part | Data | Address | Output | Operating 3 fimes
No. | Pins Pins Type Voltage of checkin
HT12D | 4 B Lateh 24V-12v
HT12F Q 12 — 24V~12y Latch data
to output &
activate VT
Address or
Yes
Decoder timing
Encoder
Transmissi [
wemesen | l |
—» |4 < 1word
Erncoder
DoUT | |
= 4words —»] ) je— Jnsmitted ——sfe- 4 words —f N
a3 2° dlocks ja—p{ 2 docks
Decoder VT I l
= check —¥ | check —M
Latched Y
X X

Rev. 1.10

November 18, 2002



HOLTEK i ‘ HT12D/HT12F

Encoder/Decoder cross reference table

Package
I:;f:::lis Data Pins Address Pins VT Pair Encoder Encoder Decoder
DIP SOP DIP S0P
HT12A
HT12D 4 8 Y HT12E 18 20 18 20
HT12A
HT12F 0 12 A HT12E 18 20 18 20

Address/Data sequence
The following table provides address/data sequence for various models of the 2'? series of decoders.

Address/Data Bits
0 1 2 3 4 5 6 7 8 9 10 11
HT12D AC Al A2 A3 A4 A5 AB A7 D8 Da D10 DN
HT12F AD Al A2 Al Ad A5 AB A7 A8 A9 A0 | A1

Part No.

Oscillator frequency vs supply voltage

fosc
(Seale}
Rose (O}
4,00 [ 1
I 27k02
aso0 [ ; /_,/
i - L~ // 302
i i o
B / / ;/ /// 35k
Lo
250 | /] ’/ ] ’_/;/ 43K
| S e
L [
L [
200 - A yé//‘?//‘; 56kn
i / ;jj__.-——-—-‘"’_ o
1.50 [ g'd %/ﬁ"##’-‘"# ;:E
| o
L % s I oy —— 100k
{100kHzZ)1.00 |- V/ G L 120k
B ——
| %//—-—-"‘ L : 1500
1 T ———— 180k
0.50 | A& ::__-"‘" [ : 220k
0,25 § !
2 3 4 5 s 7 8 8 1w 12 1 VDD [V DC)

Note: The recommended oscillator frequency is foscp {(decoder) = 50 fosee {HT12E encoder)
= 51 fosce (HT12A encoder).

Rev. 1.10 5 November 18, 2002
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Application Circuits

“u “u
o ]— [ [omom ] —

Voo
Voo

AO vooke? AQ VDD J”’
At villo A1 villo
a2 osctpe A2 oscipe

15 Rose 15 Rosc
A3 0SC2 A3  OSC2
Ad STy LE. Ad DIN Ao

13 13
A5 D11 O A5 Alll—o
AB ool o AB FOTH L
A7 nell o A7 asll 5
vss 7] LA vss aslt_s

HT12D HT12F
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LM35

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional {o the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
° Kelvin, as the user is not required to subtract a large
constant voltage from its output to oblain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or timming to provide typical accuracies of £34°C
at room temperature and 1%4°C over a full ~55 to +150°C
temperature range. Low cost is assured by Urimming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or coptrol circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in stilk air. The LM35 is
rated to operate over a -55° to +150°C temperature range,
while the LM35C is rated for a -40" to +110°C range (-10°
with improved accuracy). The LM35 series is avaitable pack-

National Semiconductor

Precision Centigrade Temperature Sensors

November 2000

aged in hemetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM350D are also available in the
plastic TG-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directly in * Celsius (Centigrade)
Linear + 10.0 mV/°C scale factor

0.5°C accuracy guaranteeabie (at +25°C)
Rated for full —55° to +150°C range
Suitable for remote applications

Low cost due to wafer-level timming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nonlinearity only £14°C typical

Low impedance output, 0.1 & for 1 mA load

Typical Applications

+¥g
(4¥ T0 20¥)
ouTPUT
LM35 0 v+ 10.0 museg

DSmMs616-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

+¥g
LM35 Vour
_L M
-V
DS005516-4

Choose Ry = -Vg/50 pA

V our=+1,600 mv at +150°C
= +250 mY at +25°C
= -550 mV at -55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor

© 2000 National Semiconducior Corporation DS005516

www.national.com
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LM35

Connection Diagrams

TO-46
Metal Can Package*

BOTTOM YIEW
DSDOS&516-1

*Case is connacted to negative pin {GND)
Order Number LM35H, LM35AH, LM35CH, LM35CAH or

LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

BOTTOM VIEW
DS005516-2

Order Number LM35C2Z,
LM3SCAZ or LM35DZ
Soe NS Package Number Z03A

S0-8
Small Outline Molded Package

Y

— Vs

Your = 8
T NG
[
5

N.C. =
N.C. —
GND —

= N.C.

- oM

= N.C.

DS005516-21
MN.C. = No Connectlan
Top View
Order Number LM35DM
See NS Package Number MOSA

TO-220
Plastic Package*

@)

LM
3507

s Vaur
GMD
DSOGES18-24
*Tab is conrected to the negative pin (GNE).
Note: The LM35DT pinout is different than the discontinued LM35DP.
Order Number LM35DT
See NS Package Number TAQ3F

www.national.com




Absolute Maximum Ratings (Note 10) T0-92 and T0O-220 Package,
{Soldering, 10 seconds) 260°C

If Military/Aerospace specified devices are required,
SO Package (Note 12)

please contact the National Semiconductor Sales Office/

Distributors for availability and specifications. Vapor Phase (60 seconds) 215°C
Infrared {15 seconds) 220°C
Supply Voita +35V to -0.2V
O:‘t);u!: VSItag.: Y tz 1oV ESD Suscaptibility (Note 11) 2500V
’ Specified O ting Te i T T
Output Cusrent 10 mA (h?:g |2e) perating Temperature Range: Tyyy 10 T pax
Storage Temp.; LM35, LM35A -55°C fo +150°C
T0-46 Package, ~60°C to +180°C LM35C, LM35CA -40°C to +110°C
TO-92 Package, -60°C to +150°C LM35D 0°C to +100°C
S0O-8 Package, -65°C to +150°C
TO-220 Package, -65°C to +150°C
Lead Temp.:
TO-46 Package,
(Soldering, 10 seconds) 300°C

Electrical Characteristics

{Notes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limnit Limit (Max.}
{Note 4} {Note 5) {Note 4) {Note 5)
Accuracy T A=+25'C 0.2 0.5 0.2 0.5 C
{Note 7) T 4=—10°C 0.3 0.3 £1.0 ‘C
T o=Thax +0.4 1.0 04 1.0 'C
T a=Tumn 0.4 1.0 0.4 15 °C
Nonlinearity T ST asTpax 10.18 . 10.35 10.15 103 C
(Note 8)
Sensor Gain T inSTasThax +10.0 +9.9, +10.0 +9.9, mv/°C
(Average Slops) +10.1 +10.1
Load Regulation T 4=+25°C +0.4 1.0 0.4 £1.0 mv/mA
(Note 3) 0<I <1 mA T ST a5 Traax to.s 13.0 t0.5 13.0 mV/mA
Line Regulation T A=+25°C +0.01 +0.05 +0.01 10.05 mviv
(Note 3) 4VV <30V to.02 1041 10.02 101 mvViv
Quiescent Current V g=+5V, +25°C 56 67 56 67 HA
(Note 9) V g=+5V 105 13 | 114 BA
V s=+30V, +25°C 56.2 68 56.2 68 MA
V g =+30V 105.5 133 91.5 116 pA
Change of 4V<Vg<30V, +25°C 0.2 140 0.2 1.0 pA
Quiescent Current 4V2V <30V 0.5 2.0 0.5 2.0 pA
(Note 3)
Temperature +0.39 +0.5 +0.39 +0.5 WASC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 ‘C
for Rated Accuracy Figure 1, 1.=0
Long Term Stability T ;= Taax. fOr +0.08 10.08 ‘C
1000 hours

3 www.national .com
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LM35

Electrical Characteristics

{Notes 1, 6)
LM35 LM35C, LM35D
Parameter Conditions Testad Design Tested Design Units
Typical Limit Limit Typical Limit Limit {Max.)
(Note 4) (Note 5) {Note 4) | (Note 5)
Accuracy, T 4=+25C 0.4 1.0 104 1.0 C
LM35, LM35C T ,=-10°C 0.5 0.5 15 C
{Nate 7) T a=Thax 0.8 15 0.8 1.5 C
T a=Tumn 0.8 15 108 +20 ‘C
Accuracy, LM35D T a=+25°C 0.6 *1.5 C
(Nate 7) Ta=Trax 0.9 2.0 C
To=Tin 0.9 2.0 ‘C
Nonlinearity T s Ta<Tax to.3 0.5 0.2 to.s 'C
(Nate 8)
Sensor Gain T ST aSTnx +10.0 +9.8, +10.0 +9.8, mvf°C
(Average Slope) +10.2 +10.2
Load Regulation T a=+25'C +0.4 +2.0 104 20 mv/mA
(Note 3) 051 <1 mA T ST a5 Tax to.5 5.0 to.5 15.0 mV/mA
Line Regulation T a=+25°C +0.01 01 10.01 101 mv/v
(Note 3) 4VeV <30V to.02 to0.2 10.02 o2 mv/V
Quiescent Current V g=+5V, +25°C 56 80 56 80 pA
(Notfe 9} V g=+5V 105 158 a1 138 pA
V g=+30V, +25°C 56.2 82 56.2 B2 pA
V g=+30V 105.5 161 91.5 141 HA
Change of 4VLV<30V, +25°C 0.2 2.0 0.2 20 HA
Quiescent Current 4V <30V 0.5 3.0 0.5 3.0 PA
(Note 3)
Temperature +0.,39 +0.7 +0.39 +0.7 HASC
Coefficient of
Quiescent Current
Minimum Temparature § In circuit of +1.5 +2.0 +1.5 +2.0 ‘C
for Rated Accuracy Figure 1, 1 =0
Long Term Stability T ;=Tpax, for 10.08 +0.08 C
1000 hours

Note 1: Unless otherwise noled, these spedifications apply: ~55'C<T<+150°C for the LM35 and LM35A; ~40°<T s+110°C for the LMASC and LM35CA; and
O'sT <+100°C for lhe LMAED. Vg=+3Vdc and | ap=50 pA, in the circuit of Figure 2. These specifications also apply from +2°C to Tyay in the circuit of Figure 1.
Specifications in boldface apply over the full rated temparatura range.

Nota 2: Thermal resistance of the TC-46 package is 400°C/W, junction to ambient, and 24°CAV junction to case. Thermal resistance of the TO-B2 packsge is
180°C/W junction to ambient. Thermal resistance of the small outine molded package is 220°C/W junction to ambient. Thermal resistance of the TG-220 packaga
is 90°CAW junclion to ambient. Far additional thermal resistance information see table in the Applicationa section.

Nate 3: Repulation is measured at constant junction temperature, using pulse testing with a iow duty cycle. Changes in output due to heating eMects can ba
computed by multiplying the internal dissipation by the tharmal resistance.

Note 4: Tested Limils are guaranteed and 10(% tested in production.

Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicaled temperature and supply voltage ranges. These limits are not used 1o
calkculate outgoing quality levets.

Note 8: Specificalions in boldfate apply over the ull rated temperature range.

Note T: Accuracy is defined as the error belween the output vaitage and 10mv/"C times the device's case teinperature, at specified conditions of voltage, current,
and temperalure {expressed in "C).

Note B: Nonlinearity is defined as the devialian af lhe oulput-voltage-versus-temperature curve from the best-fit straight line, over the device's rated lemperature
range,

Note B: Quiescent current is defined in the circuit of Figure 7.

Note 10: Absaluta Maximum Ratings indicate jimits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
lhe device beyond its rated operating conditions. See Noie 1.

Note 11: Buman body model, 100 pF discharged through a 1.5 kL resistor.

Note 12: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a cument National
Semicondutlor Linear Data Book for other methods of soldering surface mount devices.

www.national.com 4




Typical Performance Characteristics

Thermal Resistance
Junction to Air
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Minimum Supply
Voltage vs. Temperature
a4 117 #
4.2 TYPICAL 5
Iy =2.0 mA
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Accuracy vs. Temperature
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Thermal Response
in Still Air
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Accuracy vs. Temperature
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LM35

Typical Performance Characteristics (continued)

Noise Voltage
1660

1500 ‘W_
1200 -——-ﬁlL---

1000

Hz}

x
x so0 g
8 s00 T
g i
400 H
q
10 100 1k 100k
FREQUENCY (Ht)
DS005518-34
Applications

The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. It can be glued or
cemented to a surface and its temperature will be within
about 0.01°C of the surface temperaturs,

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 dis would be at an interme-
diate temperature between the surface temperature and the
air temperature. This is expacially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat into the device, so its temperature might
be closer to the air femperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of inferest. The easiest way to do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the LM35 die’s temperature will
not be affected by the air temperature.

Start-Up Response
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The TO-46 mstal package can also be soldered to a metal
surface or pipe without damage. Of course, in that case the
V- terminal of the circuit will be grounded to that metal,
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then he dipped into a bath or screwed
into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, to avoid leakage and corrosion. This is especially true if
the circuit may operate at cold temperatures where conden-
sation can occur. Printed-circuit coatings and varnishes such
as Humiseal and epoxy paints or dips are often used to
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometimes soldered to a smail
light-weight heat fin, to decrease the thermal time constant
and speed up the response in siowly-moving air. On the
other hand, a small thermal mass may he added to the
sensor, to give the steadiest reading despite small deviations
in the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,0,,)

TO-48, TO-26*, TO-82, TO-02*, 80-8 SO-g" TO-R20
ne heat amat] heat fin ne heat smali heat fin no heat small heat fin no heat
sink sink sink sink
Still air 400°'CAWY 100'CW 180°CW 140°CW 220'CAN 110°CAW WCAW
Moving air 100°CAMN AX /W 90°C/W Toom T05°G/W an'cav 26°CW
Still oit 100°CW A cow 50°CW TOoAM
Stirred ail 50'Crw 330G 45'ChW 40°CAW
{Clamped to malal,
Infinite heat sink) (24'Crw) (55°CW)

“Wakefield type 201, or 1" disc of 0.020" sheet brass, soldersed to case, ar similar.
**T0-92 and 50-8 packages gived and leads soldered to 1" square of /16" printed circuit board with 2 oz. foil or similar.
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Typical Applications
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FIGURE 3. LM35 with Decoupling from Capacitive Load
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FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

Like most micropowsr circuits, the LM35 has a limited ability
to drive heavy capacitive loads, The LM35 by itsalf is able to
drive 50 pf without special pracautions. If heavier loads are
anticipated, it is easy to isolate or decouple the load with a
resistor; sea Figure 3. Or you can improve the tolerance of
capacitance with a series R-C damper from output to
ground; see Figure 4.

When the LM35 is applied with a 200% load resistor as
shown in Figure 5, Figure 6 or Figure 8it is relatively immune
to wiring capacitance because the capacitanca forms a by-
pass from ground to input, not on the output. However, as
with any linear circuit connected to wires in a hostile envi-
ronment, its performance can be affected adversely by in-
tense electromagnetic sources such as relays, radio trans-
mitters, motors with arcing brushes, SCR transients, etc, as
its wiring can act as a receiving antenpa and its intemal
junctions can act as rectifiers. For best resuits in such cases,
a bypass capacitor from V| fo ground and a series R-C
damper such as 75Q in series with 0.2 ar 1 pF from output to
ground are often useful. These are shown in Figure 173,
Figure 14, and Figure 186.
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FIGURE 5. Two-Wira Remote Temperature Sensor
{Grounded Sensor)
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FIGURE 6. Two-Wire Remote Temperature Sensor
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FIGURE 8. Two-Wire Remote Temperature Sensor
(Output Reforred to Ground)
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LM34/LM35
Precision Monolithic

Temperature Sensors
Introduction

Most commonly-used electrical tempemture sensors are dif-
ficult to apply. For example, thermocoupies have low output
levels and require cold junction compensation. Thermistors
ara nonlinear. In addition, the outputs of these sensors are
not linearly proportional to any temperaiure scale. Early
monolithic sensors, such as the LM3911, LM134 and LM135,
overcame many of these difficulties, but their outputs are
related to the Keivin temperalure scale rather than the mors
popular Celsius and Fahrenheit scales. Fortunately, in 1983
two |.C.'s, the LM34 Precision Fahrenheit Temperature Sen-
sor and the LM35 Pregision Celsius Temperature Sensor,
were introduced. This application note will discuss the LM34,
but with the proper scaling factors can easily be adapted to
the LM35.

The LM34 has an output of 10 mV/’F with a typical nonlin-
earity of only £0.35°F over a -50 to +300°F temperature
range, and is accurate to within £0.4°F typically at room
temperature {77°F). The LM34's low oulput impedance and
linear oulput characteristic make interfacing with readout or
control circuitry easy. An inherent strength of the LM34 over
other currently available temperature sensors is that it is not
as susceptible to large errors in its output from low level
leakage currents. For instance, many monolithic tempera-
ture sensors have an output of only 1 pA/K. This leads to a
1°K error for only 1 p-Ampere of leakage cutrent. On the
other hand, the LM34 may be operated as a current mode
device providing 20 uA/'F of output current. The same 1 pA
of leakage current will cause an arror in the LM34’s output of
only 0.05°F {or 0.03°K afler scaling}.

Low cost and high accuracy are maintained by performing
trimming and calibration procedures at the wafer level. The
device may be operated with either single or dual supplies,
With less than 70 pA of current drain, the LM34 has very little
self-heating {less than 0.2°F in still air), and comes in a
TO-46 metal can package, a SO-8 small outline package
and a TO-92 plastic package.

Forerunners to the LM34

The making of a temperature sensor depends upon exploit-
ing a property of some material which is a changing function
of temperature. Preferably this function will be a linear func-
tion for the temperature range of interest. The base-emitier
voltage (Vge} of a silicon NPN transistor has such a tem-
perature dependence over small ranges of temparature,

Unfortunately, the value of Vge varies over a production
range and thus the room temperature calibration error is not
specified nor guaranteeable in production. Additionally, the
temperature coefficient of about -2 mV/"C also has a toler-
ance and spread in production. Furthermore, while the
tempo may appear linear over a narrow temperature, thers is
a definite nontinearity as large as 3'C or 4'C over a full
-55"C to +150°C temperature range.

National Semiconductor
Application Nota 460
October 1986

Another approach has been daveloped where the difference
in the base-emitter voltage of two transistors operated at
different current densities is used as a measure of tempera-
ture. It can be shown that when two transistors, Q1 and Q2,
are operated at different emilter currant densities, the diffes-
ance in their base-emitter voltages, AVge, is

kT (JEq)
AVpe = VBg1-VpE2z = == In——
q Je2

)
where K is Boltzman's constant, q is the charge on an
electron, T is absolute temperature in degrees Kelvin and
Jgy and Jg, are the emitter current densities of Q1 and Q2
respectively. A circuit realizing this function is shown in Fig-
ure 1.

FIGURE 1.

FEguation (1) implies that as long as the ratio of I to I, is
held constant, then AV is a linear function of temperaturs
(this is not exactly true over the whole temperature range,
but a correction circuit for the nonlinsarity of Ve, and Vgg,
will be discussad later). The linearity of this AVge with tem-
perature is good enough that most of today's monolithic
temperature sensors are based upon this principle.

An early monolithic temperature sensor using the above
principle is shown in Figure 2. This sensor outputs a voltage
which is related to the absolute temperature scale by a factor
of 10 mV per degree Kelvin and is known as the LM135. The
circuit has a AVge of approximately
{0.2 mVIK) x (T}

developed across resistor R. The amplifier acis as a servo to
enforce this condition. The AV appsearing across resistor R
is then mulliplied by the resistor string consisting of R and
the 26R and 23R resistors for an output voltage of
(10 mv/'K} x (T), The resistor marked 100R is used for offset
trimming. This circuit has been very poputar, but such Kelvin
ternperalure sensors have the disadvantage of a large con-
stant output voltage of 2.73V which must be subtracted for
use as a Celsius-scaled temperature sensor.

© 2002 National Serniconductor Corporation ANO0SI51
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Forerunners to the LM34 (continued)
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FIGURE 2.

Various sensors have been developed with outputs which
are proportional to the Celsius temperature scale, but are
rather expensive and difficult to calibrate due to the large
nurnber of calibration steps which have to be performed.
Gerard C.M. Meijer!! has developed a circuit which claims
to be inherently calibrated if propasdy trimmed at any one
temperature. The basic structure of Meijer’s circuit is shown
in Figure 3. The output current has a temperature coefficient
of 1 yA/"C. The circuil works as follows: a current which is
proporficnal to absolute temperature, lor,r, is generated by
a current source. Then a ¢urrant which is proportional to the
Ve drop of transistor Q4 is subtracted from lprat to'get the
output curmrent, |g. Transistor Q4 is biased by means of a
PNF current mirror and transistor Q3, which is used as a
feedback amplifier. In Meijer's paper it is claimed that the
calibration procedure is straightforward and can be per-
formed at any temperature by trimming resistor R4 to adjust
the sensitivity, dio/dT, and then timming a resistor in the
PTAF current source to give the correct value of output
current for the temperature al which the calibration is being
performed.

Meijer’s Celsius temperature sensor has prablems due to its
small output signal (i.e., the cutput may have errors caused
by leakage currents). Another problem is the trim scheme
requires the trimming of two resistors to a very high degree
of accuracy. To overcoma these problems the circuits of
Figure 4 (an LM34 Fahrenheit temperalure sensor) and
Figure 5 {(an LM35 Celsius temperature sensor) have been
developed to have a simpler calibration procedure, an output
voltage with a relatively large tempco, and a curvature com-
pensation circuit to account for the non-linear characteristics
of Vg versus temperature, Basically, what happens is tran-
sistors Q1 and Q2 develop a AVgg across resistor R1. This
voltage is multiplied across resistor nR1. Thus at the
non-inverting input of amplifier A2 is a voltage two diods
drops below the voltage across resistor nR1. This voltage is

then amplified by amplifier A2 to give an output proportional
to whichever temperature scale is desired by a factor of 10
mV per degree,

-<
p:
<
—
A

00805103

FIGURE 3.

Circuit Operation

Since the two circuits are very similar, only the LM34 Fahr-
enheit temperature sensor will be discussed in greater detail.
The circuit operates as follows:

Transistor Q1 has 10 times the emitter area of transistor Q2,
and therefore, ona-tenth the current density. From Figure 4,
it is seen that the difference in the current densities of Q1
and Q2 will develop a voltage which is proportional to abso-
lute temperature across resistor R,. At 77°F this voltage will
be 60 mV. As in the Kelvin temperature sensor, an amplifier,
A1, is used to insure that this is the case by sarvoing the
base of transistor Q1 to a voltage level, Varag, of AVge x n.
The value of n will be timmed during calibration of the de-
vice to give the correct output for any temperature.

1.590v
{Vprar)

CURVATURE
COMPENSATOR
CiREUIT

Q0505104

FIGURE 4.
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Circuit Operation (continued)
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FIGURE 5.

For purposes of discussion, suppose that a value of Vpqar
equal to 1.59V will give a correct output of 770 mV at 77°F.
Then n will be equal fo Vpr,/AVge or 1.59V/60 mV = 265,
and Vprar will have a temperature coefficient {tempco} of:

ko
™ ont = samvrc.

g Iz

Subtracting two diode drops of 581 mV (at 77°F) with temp-
cos of ~2.35 mV/"C each, will result in a voltage of 428 mV
with a tempco of 10 mV/'C at the non-inverting input of
amplifier A2. As shown, amplifier A2 has & gain of 1.8 which
provides the necessary conversion to 770 mV at 77°F
(25°C). A further example would be if the temperature were
32°F (0°C), then the voltage at the input of A2 would be 428
mV—(10 mV/"C) (25°C} = 0.178, which would give Vour =
(0.178) (1.8) = 320 mV —the correct value for this tempera-
ture.

Easy Calibration Procedure

The circuit may be calibrated at any temperalure by adjust-
ing the value of the resistor ratio factor n. Note that the value
of n is dependent on the actual value of the voltage drop
from the two diodes since n is adjusted to give a correct
value of voltage at the output and not to a theorelical value
for PTAT. The calibration procedure is easily carried out by
opening or shorting the links of a quasi-binary trim network
like the one shown in Figure 6. The links may be opened to
add resistance by blowing an aluminum fuse, or a resistor
may be shoried out of the circuit by carrying out a

“zener-zap”. The analysis in lhe next section shows that
when the circuit is calibrated at a given temperature, then the
circuit will be accurate for the full temperature range.

1(!= 1008}

<
156 K0S

<
10k«
P

&
Ski«
<

<&
din<
<

e
2

<
2k«
<

&
1x0<
E:

00505106

FIGURE 6.

How the Calibration Procedure
Works

Widlar'> has shown that a good approximation for the
base-emitter voltage of a transistor is:

Vag = Voo (1= 3-) + Voeo (3] +
BE GG To beo To

I In (B) + Ll Inb-
q T q e

o
where T is the temperature in "Kelvin, T, is a reference
temperature, Vg is the bandgap of silicon, typically 1.22V,
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MICROCHIP

MCP3202

2.7V Dual Channel 12-Bit A/D Converter
with SPI"™ Serial Interface

Features

+ 12-bit resolution

+ 11 LSB max DNL

» 11 LSB max INL {MCP3202-B}

» 12 LSB max INL {MCP3202-C}

« Analog inputs programmable as single-ended or
pseudo-differential pairs

* On-chip sample and hold

« SPI™ serial interface {modes 0,0 and 1,1)

» Single supply operation: 2.7V - 5.5V

» 100 ksps max. sampling rate at V, = 5V

+ 50 ksps max. sampling rate at Vo = 2.7V

+ Low power CMOS technology
- 500 nA typical standby current, 5 pA max,
- 550 uA max. active current at 5V

* Industrial temp range: -40°C to +85°C

+ B-pin MSOP, PDIP, SCIC and TSSOP packages

Applications

* Sensor Interface
+ Process Control
+ Data Acquisition
+ Battery Operated Systems

Description

The Microchip Technology Inc. MCP3202 is a succes-
sive approximation 12-bit Analog-to-Digital (A/D) Con-
verter with on-board sample and hold circuitry. The
MCP3202 is programmable to provide a single pseudo-
differential input pair or dual single-ended inputs. Dif-
ferential Nonlinearity (DNL) is specified at +1 LSB, and
Integral Nonlinearity (INL) is offered in +1LSB
(MCP3202-B) and +2 LSB (MCP3202-C} versions.
Communication with the device is done using a simple
serial interface compatible with the SP| protocol. The
device is capable of conversion rates of up to 100 ksps
at 5V and 50 ksps at 2.7V. The MCP3202 device oper-
ates over a broad voltage range (2.7V - 5.5V). Low cur-
rent design permits operation with typical standby and
active currents of only 500 nA and 375 pA, respec-
tively. The MCP3202 is offered in 8-pin MSOP, PDIF,
TSSOP and 150 mil SOIC packages.

Package Types
PDIP, MSOP, SOIC, TSSOP
CS/SHDN[T 1 k; 8 HVosVie,
CHog2 @ 7 [JCK
CH1] 3 § 8 Doy
Ves[J4 N 50p,
Functional Block Diagram
VDD VSS
. 1
| I
Input
CHo
CH1—b| el DAC  |e—— |
| I
| l Comparator |
an
| Hold +—f I
I _ |
)t Control Logic _’—Resghi::er |
L - — —

TS/SHDN Dy, CLK out

e et

© 2001 Microchip Technolegy Inc.
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MCP3202

1.0 ELECTRICAL PIN FUNCTION TABLE
CHARACTERISTICS
Name Function
1.1 Maximum Ratings*
Voo/Vier +2.7V to 5.5V Power Supply and

AU 10" Reference Voltage Input
All inputs and outputs w.r.t Vgg ... -0.6V to Vg +0.6V CHO Channel 0 Analog Input
Storage temperature .............ccceee..e...-65°C 10 +150°C CH1t Channe! 1 Analog Input
Ambient temp. with power applied .....-65°C to +125°C CLK Sarial Clock
ESD protection on alt pins (HBM).......cccccccece.. > 4 kY .

. . . D;N Serial Data In
*Notice: Stresses above thosa listed under "Maximum Ratings” may
cause permanant damage to the device, This is a stress rating only D Serial Data Out
and functionel operation of the device at those or any other conditions ouT
above thase indicated in the operational listings of this specification is EISHDN WIS?\UMOWH Input

rot implied. Exposure to maximurn rating conditions for extended

perods may affect device reliability.

ELECTRICAL CHARACTERISTICS

All parameters apply at Vo = 5.5V, Vgg = 0V, Tyyyg = -40°C o +85°C, fouume = 100 ksps and foye = 18" gume
unless otherwise noted.

Parameter | Sym | Min. I Typ. l Max. | Units | Conditions
Conversion Rate:
Conversion Time Loy —_ — 12 clock
cycles
Anatog Input Samptle Time tsampLe 1.5 clock
cycles
Throughput Rate faampLe —_ - 100 ksps |Vpp= Ve =5V
- — 50 ksps  |Vpp= Ver = 2.7V
DC Accuracy:
Resolution 12 bits
Integral Nonlinearity INL — +0.75 z1 LSB |MCP3202-B
— t1 +2 LSB |MCP3202-C
Differential Nonlinearity DNL — +0.5 +1 LSB |No missing codes over
temperature
Offset Error — +1.25 +3 LSB
Gain Error — +1.25 5 LSB
Dynamic Performance:
Total Harmonic Distortion THD - -82 — dB |V, =0.1V 0 4.9V@1 kHz
Signal to Noise and Distortion SINAD —_ 72 —_ dB V=01V to 4.8V@1 kHz
(SINAD)
Spurious Free Dynamic Range SFOR — 86 — dB |V =0.1V to 4.0V@1 kHz
Analog Inputs:
Input Voltage Range for CHO or Vag — Voo v
CH1 in Single-Ended Mode
Input Voltage Range for IN+in IN+ IN- — Voo+IN- See Sections 3.1 and 4.1
Pseudo-Differential Mode
Input Voltage Range for IN-in IN- V100 | — | Vget100 mV | See Sections 3.1and 4.1
Pssudo-Differential Mode
Leakage Current — .001 E HA
Switch Resistance Rsg — 1k — 0] See Figure 4-1

Note 1: This parameter is established by characterzation and not 100% tested.
2: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures. See Section 6.2 for more information.

DS21034C-page 2 @ 2001 Microchip Technology Inc.



MCP3202

ELECTRICAL CHARACTERISTICS (CONTINUED)

unless otherwise noted.

All parameters apply at Vpp = 5.5V, Vag = OV, Taym = 40°C 10 +85°C, fepyprs = 100 ksps and forx = 18 Tampre

Parameter Sym Min. Typ. Max. Units Conditions
Sample Capacitor CanmpLe — 20 — pF See Figure 4-1
Digital Input/Cutput:
Data Coding Fomat Straight Binary
High Level Input Voltags Vi 0.7V | -~ — v
Low Level Input Voltage Vi — — 0.3 Vpp v
High Level Quiput Voltage Vou 4.1 — — Vv bop = -1 mA, Vpp = 4.5V
Low Level Output Voltage Voo — — 0.4 vV oo = 1MA, Vo = 4.5V
Input Leakage Current It -10 — 10 BA |V =VggorVp
Output Leakage Current Lo -10 — 10 BA  |Vour=Vgsor Vi
Pin Capacitance Cwn Cour — — 10 pF | Vpp = 5.0V (Note 1)
(All Inputs/Qutputs) Tawe = 25°C, f= 1 MHz
Timing Parameters:
Clock Frequency forx — — 1.8 MHz |V, =5V [Note 2)
0.8 MHz |V, = 2.7V (Note 2)
Clock High Time 1 250 — — ns
Clock Low Time to 250 —_ — ns
C5 Fall To First Rising CLK tsucs 100 - o ns
Edge
Data Input Setup Time tsu — — 50 ns
Data Input Hold Time o — — 50 ns
CLK Fall To Qutput Data Valid oo — — 200 ns Sse Test Circults, Figure 1-2
CLK Fall To Qufput Enable ten — — 200 ns See Test Circuits, Figure 1-2
C8 Rise To Output Disable this — - 100 ns See Test Circuits, Figure 1-2
Note 1
CS Disable Time togn 500 — — ns
Doy Rise Time tr — —_ 100 ns See Test Circuits, Figure 1-2
Note 1
Deur Fall Time t- — — 100 ns See Test Circuits, Figure 1-2
Note 1
Power Requirements:
Operating Voltage Voo 2.7 — 5.5 \'2
Operating Current Iop — 375 550 HA Vop = 5.0V, Dy, unicaded
Standby Current Inps — 0.5 5 pA C8 =V = 5.0V
Temperature Ranges: )
Specified Temperature Range T, -40 — . +85 °c
Operating Temperature Range Ty -40 — +85 °C
Storage Temperature Range Ty -65 —_ +150 °C
Thermal Package Resistance:
Thermal Resistance, 8L-PDIP 8, — 85 — *Cw
Thermal Resistance, 8L-SOIC 0, — 163 — “CIW
Thermal Resistance, 8L-MSOP 6, — 206 —_ °CIW
Thermal Resistance, BL-TSSOP 0, — — CIW

Note 1: This parameter is established by characterization and not 100% tested.
2: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures. See Section 6.2 for more infermation.

@ 2001 Microchip Technoloagy tnc.
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MCP3202
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FIGURE 1-2: Test Circuits.
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MCP3202

3.0 PIN DESCRIPTIONS
3.1 CHO/CH1

Analog inputs for channels 0 and 1 respectively. Thess
channels can proegrammed to be used as two indepen-
dent channels in single ended-mode or as a single
pseudo-differential input where one channet is IN+ and
one channel is IN-, See Section 5.0 for information on
programming the channel configuration.

32  Chip Select/Shutdown (CS/SHDN)

The CS/SHDN pin is used to initiate communication
with the device when pulled low and will end a conver-
sion and put the device in low power standby when

pulled high. The CS/SHDN pin must be pulled high
between conversions.

3.3 Serial Clock (CLK)

The SPI clock pin is used toinitiate a conversion and to
clock out each bit of the conversion as it takes place.
See Section 6.2 for constraints on clock speed.

3.4 Serial Data Input (DIN)

The 8P| port serial data input pin is used to clock in
input channel configuration data.

3.5  Serial Data Output (DouT)

The SPI serial data output pin is used to shift out the
results of the A/D conversion. Data will always change
on the falling edge of each clock as the conversion
takes place.

4.0 DEVICE OPERATION

The MCP3202 A/D Converter employs a conventional
SAR architecture. With this architecture, a sample is
acquired on an internal sample/hold capacitor for
1.5 clock cycles starting on the second rising edge of
the serial clock after the start bit has been received.
Following this sample time, the input switch of the con-
verter opens and the device uses the collected charge
on the internal sample and hold capacitor to produce a
serial 12-bit digital output code. Conversion rates of
100 ksps are possible on the MCP3202. See
Section 6.2 for information on minimum clock rates.
Communication with the device is done using a 3-wire
SPIl-compatible interface.

4.1 Analog Inputs

The MCP3202 device offers the choice of using the
analog input channels configured as two single-ended
inputs or a single pseudo-differantial input. Configura-
tion is done as part of the serial command before each
conversion begins, When used in the pseudo-differen-
tial mode, CHC and CH1 are programmed as the IN+
and IN- inputs as part of the command string transmit-
ted to the device. The IN+ input can range from IN- to
Veer (Vpp + IN-). The IN- input is limited to +100 mV
from the Vgg rail. The IN- input can be used to cancel
small signal common-mode noise which is present on
both the IN+ and IN- inputs.

For the A/D Converter to meet specification, the charge
holding capacitor (Cgppre) Must be given enough time
to acquire a 12-bit accurate voltage level during the
1.6 clock cycle sampling period. The analog input
model is shown in Figure 4-1,

In this diagram, it is shown that the source impedance
(Rs) adds to the internal sampling switch (Rgg) imped-
ance, directly affecting the time that is required to
charge the capacitor, Cgyyee. Consequenily, larger
source impedances increase the offset, gain, and inte-
gral linearity errors of the conversion.

Ideally, the impedance of the signal source should be
near zero. This is achievable with an operational ampli-
fier such as the MCP801 which has a closed loop out-
put impedance of tens of ohms. The adverse affects of
higher source impedances are shown in Figure 4.2,

When operating in the pseudo-differential mode, if the
voltaga level of IN+ is equal to or less than IN-, the
resultant code will be 000h. If the voltage at IN+ is
equal to or greater than {[Vg + (IN-)] - 1 LSB}, then the
output code will be FFFh. If the voltage level at IN- is
more than 1 LSB below Vg, then the veitage tevel at
the IN+ input will have fo go below Vg to see the 000h
output code. Conversely, if IN- is more than 1LSB
above Vgg, then the FFFh code will not be seen uniess
the IN+ input level goes above Vg level.

42  Digital Qutput Code

The digital output code produced by an A/D Converter
is a function of the input signal and the reference volt-
age. For the MCP3202, V Is used as the reference
voltage. As the Vi level is reduced, the LSB size is
reduced accordingly. The theoreticat digital outputcode
produced by the A/D Converter is shown below.

. 4096+V;y,
Digital Output Code = ———
oo
where:
¥, = analog input voltage
Vip = Stipply voltage
L |

© 2001 Microchip Technalogy Inc.

DS21034C-page 11



MCP3202

Yo Sampling
V= 0.6V , Switeh
' 85 Rg=11kQ
:'D:"“W‘v i
I RRREEEEE J_ Coampie .
Vi =0.8Y LEARAGE = DAC capacitance

=20 pF

Legend
VA = signal source
Res = source impedance
CHx = inputchannel pad
C.n = input pin capacitance
V. = threshold voltage

beaage = leakage current at the pin
due to various junctions

88 = sampling switch
Rg = sampling switch resistor
Csaupe = Samplefhold capacitance

1 Vss

FIGURE 4-1: Analog input Model.

2.0
1.8 1 Voo = 5
1.6 w“‘

1.4
1.2 \\
1.0
0.8
0.8
0.4 N
0.2
[4R4]

Cleck Frequency (MHz)

100 1000 10000

Input Resistanca {Ohms)

FIGURE 4-2: Maximum Clock Frequency vs. Input
Resistance {Rg) lo maintain less than a 0.1 LSB
deviation in INL from nominal condifions.
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5.0 SERIAL COMMUNICATIONS
5.1 Overview

Communication with the MCP3202 is done using a
standard SPl-compatible serial interface. Initiating
communication with the device is done by bringing the
CS line low, See Figure 5-1. If the device was powered
up with the CS pin low, it must be brought high and
back low to initiate communication. The first clock
received with CS low and DIN high will constitute a start
bit. The SGL./DIFF bit and the ODD/SIGN bit follow the
start bit and are used to select the input channel con-
figuration. The SGL/DIFF is used lo select single ended
or psuedo-differential mode. The ODD/SIGN bit selects
which channel is used in single ended mode, and is
used to determine polarity in pseudo-differential mode.
Foliowing the ODD/SIGN bit, the MSBF bit is transmit-
ted to and is used to enable the LSB first format for the
device. If the MSBF bit is high, then the data will come
from the device in MSB first format and any further
clocks with CS low will cause the device to output
zeros. If the MSBF bit is low, then the device will output
the converted word LSB first affer the word has been
transmitted in the MSB first format. See Figure 5-2.
Table 5-1 shows the configuration bits for the
MCP3202. The device will begin to sample the analcg
input on the second rising edge of the clock, after the
start bit has been received, The sample period will end
on the falling edge of the third clock following the start
bit.

On the falling edge of the clock for the MSBF bit, the
device will output a low null bit. The next sequential
12 clocks will output the result of the conversion with
MSB first as shown in Figure 5-1. Data is always output
from the device on the falling edge of the clock. if all 12
data bits have been transmitted and the device contin-
ues to receive clocks while the CS is held low, (and
MSBF = 1), the device will output the conversion result
LSB first as shown in Figure 5-2. If more clocks are pro-
vided to the device while CS is still low {after the LSB
first data has been transmitted), the device will clock
out zeros indefinitely.

If necassary, it is possible to bring CS low and clock in
leading zeros on the D, line before the start bit. This is
often done when dealing with microcontroller-based
SPI ports that must send 8 bits at a time. Refer to
Section 6.1 for more details on using the MCP3202
devices with hardware SP) ports,

Config Channel
Bits Selection
GND
Sall |odd/| , |
Diff | sign
Single Ended | 1 0 + | — -
Mode 1 1 — + -
Pseudo- 0 0 | IN+ | IN-
Differential 0 1 IN- [ IN+
Mode

TABLE 5-1:  Configuration Bits for the MCP3202.

tove N tove
oo 1
cs 1
oK Ty L
D
HI-Z Null HI-Z
Dour i B11)B 10} BoY B8} 87 B6 | 85} B4 B3 B2 B1 B0
YoampLe teony H

* After completing the data transfer, if further clocks are applied with €35 low, the A/D Converter will output zeros
indefinitely. See Figure 5-2 below for details on obtaining LSE first data.

** tpatar during this time, the bias current and the comparator power down while the reference input becomes a
high impedance node, leaving the CLK running to clock out the LSB-first data or zeros.

byara™

FIGURE 5-1: Communicalion with the MCP3202 using MSB first format only.

.
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| Power Down
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|

';‘;t" e11{B10) no ) o) 7] Bo po) B4 o3| 52| 514 60 Y61 |62 |63 | e | 65 | o § o7 (66 | modarofar -2

(MSB) | |

teony ! toara ]

* After completing the data transfer, if further clocks are applied with cs low, the A/D Converter will
output zeros indefinitely.

** thata: During this time, the bias circuit and the comparator power down while the reference input
becomes a high impedance node, leaving the CLK running to clock out LSB first data or zeroes.

FIGURE 5-2: Communication with MCP3202 using L SB first format.

_
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6.0 APPLICATIONS INFORMATION
6.1 Using the MCP3202 with
Microcontroller (MCU) SPI Ports

With most microcontrolier SP| ports, it is required to
send groups of eight bits. It is also required that the
micracontroller SPI port be configured to clock out data
on the falling edge of clock and latch data in on the ris-
ing edge. Depending on how communication routines
are used, it is very possible that the number of clocks
required for communication wilt not be a multiple of
eight. Therefore, it may be necessary for the MCU to
send more clocks than are actually required. This is
usually done by sending ‘leading zeros' before the start
bit, which are ignored by the device. As an example,
Figure 6-1 and Figure 6-2 show how the MCP3202 can
be interfaced o a MCU with a hardware SPI port.
Figure 6-1 depicts the operation shown in SPl Mode
0,0, which requires that the SCLK from the MCU idles

in the ‘low’ state, while Figure 6-2 shows the similar
case of SPI Mode 1,1 where the clock idles in the 'high’
state,

As shown in Figure 6-1, the first byte transmitted to the
A/D Convenrter contains seven leading zeros before the
start bit. Arranging the leading zeros this way produces
the output 12 bits to fall in positions easily manipulated
by the MCU. The MSB is ciocked out of the A/D Con-
verter on the falling edge of clock number 12, After the
second eight clocks have been sent to the device, the
MCU receive buffer will contain three unknown bits (the
output is at high impedance until the null bit is clocked
out), the null bit and the highest order four bits of the
conversion. After the third byts has been sent to the
device, the receive ragister will contain the lowest order
eight bits of the conversion results. Easier manipulation
of the converted data can be obtained by using this
method.

cs MCU latchea daia fram A/D Convenar
on rsing edges of SCLK J 1 l ‘ i 1 t l
SCLK 1['2 3l |4| 5 .sl 7| a| o Dol feb bz || e hs| b o e e [2o] 21| |z af 24
Data Is docked cut af
iR TCt RS N I N N N N N S0 S R
O
HI-Z NULL,
Du A ODERGOE00DE0

“Rgisnan’ DX [X XXX TX]7]

[l x [x T T*T~]

[xix[xPxIx]x]x[x]

MCU Racokved Dals

(Aligned with rising X

adge of clock) Iliiilglililil‘i

FAEAN
Ix[x o B11|B10I39]aa

Br]selaslmlsa‘azlmim

Data stored into MCU raceive
register after transmission of

) first B bits
X =Don't Care Bits

Data stored into MCU receive
register after transmission of
sacond B bits

Data stored into MCU receive
register after transmission of
lagt & bits

FIGURE 6-1:

SPI Communication using 8-bif segments (Mode 0,0: SCLK idles low).

=

CcS MCU laiches data from A/D Converler,

an rising adges of SCLK ‘ l l 1 1 l L 1 1 ‘ J * 1 ‘ J‘ l
SCLK of zf (af l4f ts) le| [z] | & | {2| o} [n] [2 3] fra] |15 1 | [ [vg e8] [eol fe1] [22| Bl lea
Dala is cloaked out of t S A A T |
AD Converter on faling edgas
DlN
HkZ NULL,
- et o s aaa0
o
MCU Transmittad Data
Mg G e ] DI
MCU Resolved Dala - .
{plgned valh eing lexlx]xlxix]xlx]l X [ o f x ol Jen]en] se]es Br]aslaslm]aaiazimln
|

X = Don’t Care Bits

Data stored into MCU receiva
register after transmission of
first 8 bits

Data stored into MCU raceive
register after transmission of
second B bits

Data stored into MCU receive
register after transmission of
last 8 bits

FIGURE 6-2:

SPI Communication using B-bit segments (Mode 1,1: SCLK idles high).
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62  Maintaining Mini Clock Speed

When the MCP3202 initiates the sample period, charge
is stored on the sample capacitor. When the sample
period is complete, the device converts one bit for each
clock that is received. It is important for the user to note
that a slow clock rate will allow charge to bleed off the
sample cap while the conversion is taking place. At
85°C (worst case condition), the part will maintain
proper charge on the sample capacitor for at least
1.2 ms after the sample period has ended. This means
that the time between the end of the sample period and
the time that all 12 data bits have been clocked out
must not exceed 1.2 ms (effective clock frequency of
10 kHz). Failure to meet this criteria may induce linear-
ity errors into the conversion outside the rated specifi-
cations. It should be noted that during the entire
conversion cycle, the A/D Converter does not require a
constant clock speed or duty cycle, as long as all timing
specifications are met.

6.3  Buffering/Filtering the Analog inputs

if the signal source for the A/D Converter is not a low
impadance source, it will have to be bufferad or inaccu-
rate conversion results may occur. It is also recom-
mended that a filter be used to eliminate any signals
that may be aliased back into the conversion results.
This is illustrated In Figure 6-3 below where an op amp
is used to drive the analog input of the MCP3202, This
amplifier provides a low impedance output for the con-
verler input and a low pass filter, which eliminates
unwanted high frequency noise.

Low pass (anti-aliasing) filters can be designed using
Microchip's interactive FilterLab™ software. FilterLab
will calculate capacitor and resistor values, as well as,
determine the number of poles that are required for the
application. For more information on filtering signals,
see the application note ANBIS “Anti-Aliasing Analog
Filters for Data Acquisifion Systems.

Vio

10 WF
1

Cy 0.1 pF

Rs MCP&01 )
Viy W + N+,
2 - MCP3202 | <~
=T
- R3 R4

FIGURE 6-3: 'The MCP601 Operational Ampiifier is
used fo implement a 2nd order anii-aliasing filter for
the signal being converted by the MCP3202.

6.4 Lavout Considerations

When laying out a printed circuit board for use with
analog components, care should be taken to reduce
noiseé wherever possible. A bypass capacitor should
always be used with this device and should be placed
as close as possible to the device pin. A bypass capac-
itor value of 0.1 pF is recommended,

Digital and analog traces should be separated as much
as possible on the board and no traces shouid run
undemeath the device or the bypass capacitor. Extra
precautions should be taken to keep traces with high
frequency signals {such as clock lines) as far as possi-
ble from analocg traces.

Use of an analog ground plane is recommended in
order to keep the ground potential the same for all
devices on the boerd. Providing Vpp connections to
devices in a “star” configuration ¢can also reduce noise
by eliminating current retum paths and associated
errors, See Figure 6-4. For more information on layout
tips when using A/D Converters, refer to ANG8B “Lay-
out Tips for 12-Bit A/D Converter Applications”,

VoD
Cornection

FIGURE 6-4: V., traces amanged in a ‘Star’
configuration in order fo reduce emors caused by
current refurn paths.
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